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SUMMARY
Automation has been employed by l a b o r a t o r i e s  t o  he lp  them cope 
w i th  an e x p o n e n t i a l l y  r i s i n g  workload dur ing  t h e  l a s t  two deca des .
In t h i s  t h e s i s  I examine some o f  th e  o b j e c t i v e s  behind  a p p l i c a t i o n s  o f  
au tom at ion  t o  bo th  t h e  a n a l y t i c a l  and c l e r i c a l  p r o c e s s e s  w i th i n  th e  
l a b o r a t o r y .  I c o n s i d e r ,  in  p a r t i c u l a r  th e  a p p l i c a t i o n  o f  C r i t i c a l  
Path  A n a ly s i s  to  t h e  problem o f  a ch iev in g  a major p r i o r i t y  o f  any 
l a b o r a t o r y  - a f a s t  tu rn ro u n d  t im e .
For t h e  r e a s o n s  o u t l i n e d  in Chapter  1, in  modern c l i n i c a l
b io c h e m is t ry  (chemical  pa tho logy )  l a b o r a t o r i e s ,  s t a f f  and equipment 
a r e  c o n c e n t r a t e d  in to  f i x e d  s i t e s  with  l a r g e  workloads  and c o n s i d e r a b l e  
manager ia l  prob lems.  Contro l  o v e r  th e  d i v e r s e  and complex sequences 
o f  o p e r a t i o n s  performed in d e a l in g  with  r e q u e s t s  f o r  a n a l y s e s  r e q u i r e s  
an a p p r e c i a t i o n  o f  t h e  r e l a t i o n s h i p  o f  one a c t i v i t y  to  a n o t h e r  w i th i n  
each sequence .  Once th e  i n d i v id u a l  a c t i v i t i e s  which c o n t r i b u t e  d i r e c t l y
t o  t h e  o v e r a l l  tu rn ro u n d  t ime o f  r e q u e s t s  have been i d e n t i f i e d ,  a t t e m p t s
can th en  be made t o  reduce  the  d u r a t i o n  o f  e lem en ts  o f  th e  c r i t i c a l  
p a t h ,  in t h e  e x p e c t a t i o n  t h a t  t h e  t o t a l  tu rn ro u n d  t ime w i l l  then  be 
s h o r t e n e d .
I s u g g e s t  t h a t  C r i t i c a l  Path A n a ly s i s ,  one o f  a f a m i ly  o f  r e l a t e d  
management t o o l s ,  may be a p p l i e d  to  th e  o p e r a t i o n s  w i th i n  a c l i n i c a l  
b io c h e m is t ry  l a b o r a t o r y .  The elements  o f  C r i t i c a l  Pa th  A n a ly s i s  a r e  
d e s c r i b e d  in Chapte r  1, and a p p l i e d  to  t h e  s t e p s  n e c e s s a r y  to  g e n e r a t e  
an e l e c t r o l y t e  p r o f i l e .
In Chap te r  2 ,  C r i t i c a l  Path Analys is  i s  used t o  s tu d y  the  i n t e r ­
r e l a t i o n s h i p s  between a c t i v i t i e s  performed dur ing  a n a l y s i s  o f  spec imens .  
I t  i s  shown t h a t  i n c r e a s e d  sampling r a t e s  can d i r e c t l y  a f f e c t  th e  
c r i t i c a l  p a th  and some o f  t h e  work which has r e s u l t e d  in th e  development
( i l )
o f  f a s t e r ,  o r  more s u i t a b l e  a n a l y t i c a l  equipment w i t h i n  t h e  a u t h o r ' s  
l a b o r a t o r y  i s  p r e s e n t e d .  Revised C r i t i c a l  Path ne tworks  a r e  th en  used 
to  dem o n s t r a te  t h e  e f f e c t s  o f  im plem enta t ion  o f  such  equipment in 
th e  r a t e  l i m i t i n g  a r e a s  o f  a n a l y s i s .  I conclude  t h i s  Chap te r  by 
c o n s i d e r a t i o n  o f  automated d a t a  a c q u i s i t i o n  and r e s u l t  c a l c u l a t i o n ,  
and th e  amount o f  t ime which can be saved by t h e s e  t e c h n i q u e s .
The ‘ f i n e  t u n i n g '  o f  a n a l y t i c a l  r e s u l t s  i s  examined in C hap te r  3.
Some o f  t h e  problems a s s o c i a t e d  with  an o ve r loa ded  manual r e p o r t i n g
(
system in  a l a r g e  c l i n i c a l  b io c h e m is t ry  l a b o r a t o r y  a r e  c o n s i d e r e d ,  
and the  ne twork  o f  a c t i v i t i e s  i s  d e s c r i b e d .
C r i t i c a l  Path A n a ly s i s  i s  aga in  used to  i l l u s t r a t e  th e  e f f e c t s  
on tu rn ro u n d  t ime o f  t r a n s f e r r i n g  c l e r i c a l  a c t i v i t i e s  t o  a computer 
sys tem,  and t h e  major g a in s  to  be made by i n s t a l l i n g  computer  t e r m i n a l s  
in ward a r e a s ,  d e s p i t e  problems imposed by c o n s i d e r a t i o n  o f  con­
f i d e n t i a l i t y  a t  remote s i t e s ,  and l i m i t a t i o n s  on t h e  d a t a  which can 
be p r i n t e d  a t  such s i t e s .
In C hap te r  4 ,  a t t e n t i o n  i s  drawn to  th e  e x i s t e n c e  o f  a f i n i t e  
lower l i m i t  t o  tu rn ro u n d  t ime beyond which no f u r t h e r  improvement can 
be e x p e c t e d ,  no m a t t e r  what  developments occur  in e i t h e r  speed o f  
a n a l y s i s  o r  e f f i c i e n c y  o f  c l e r i c a l  r eco rd  h a n d l in g .
The d i s c u s s i o n  o f  Chapter  5 b r i e f l y  c o n s i d e r s  t h e  r a d i c a l  changes 
t o  t h e  p r e s e n t  s t r u c t u r e  o f  l a b o r a t o r i e s  which might  be n e c e s s a r y  to  
f u r t h e r  reduce  tu rn ro u n d  t im es  in C l i n i c a l  B io c h e m is t ry .
1 .
1. INTRODUCTION
" A u t o m a t i o n  i s  s p r e a d i n g  in  two d i r e c t i o n s  which may have 
many i n t e r r e l a t i o n s ;  comprehensive improvement in  t h e  o r g a n i s a t i o n  o f  
t h e  l a b o r a t o r y  i n v o l v i n g  d a t a  p r o c e s s i n g ,  and t h e  d e v e l o p m e n t  o f  
l a r g e l y  in de penden t  d e v i c e s  f o r  a n a l y s i s " .
Neumann and F i s h e r ,  1959 
"Automat ion  shou ld  be en c o u ra g e d " .
R e p o r t  o f  t h e  R oya l  
Commission on the  NHS (1979) p a r a  15.32.  
A u t o m a t i o n  h a s  b e e n  d e f i n e d  a s  t h e  " u s e  o f  e l e c t r o n i c  o r  o t h e r  
m echan ica l  d e v i c e s  t o  r e p l a c e  human la bou r"  (OED 1972). L ik e  Northam 
(1981)  I s h a l l  be u s i n g  t h e  t e rm  " a u t o m a t i o n "  i n  t h i s ,  i t s  w i d e s t  
p o s s i b l e  s e n s e  r a t h e r  than  use  the  lUPAC d e f i n i t i o n  (1970) and r e s t r i c t  
d i s c u s s i o n  t o  equipment which embodies feedback c o n t r o l s .  In c l i n i c a l  
c h e m i s t r y ,  i n  p a r t i c u l a r ,  t h e r e  a r e  two m a jo r  f a c e t s  t o  a u t o m a t i o n  
- a u t o m a t i o n  o f  the  a n a l y t i c a l  p r o c e s s e s  l e a d in g  t o  th e  p r o d u c t i o n  o f  a 
r e s u l t  f ro m  a p a t i e n t ' s  s p e c i m e n ,  and  a u t o m a t i o n  o f  t h e  c l e r i c a l  
a c t i v i t i e s  l e a d i n g  t o  t h e  r e t u r n  o f  t h a t  r e s u l t  t o  t h e  r e q u e s t i n g  
c l i n i c i a n .
I t  was t o  be e x p e c t e d  t h a t  a u t o m a t i o n  would a l t e r  working 
p r a c t i c e s  w i t h i n  l a b o r a t o r i e s .  I t  w i l l  c o n t in u e  t o  a f f e c t  t h e  q u a l i t y  
o f  a n a l y s e s ;  w i l l  p r o v i d e  a d d i t i o n a l  a n a l y t i c a l  c a p a c i t y  because  of  
h i g h e r  s a m p l i n g  r a t e s ;  w i l l ,  on o c c a s i o n ,  r a d i c a l l y  a l t e r  t h e  
l a b o r a t o r y ' s  a p p r o a c h  t o  t h e  manner in  which i t  a t t e m p t s  to  o r g a n i s e
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i t s  w ork load ,  and w i l l  p ro v id e  a means o f  improving th e  s e r v i c e  o f f e r e d  
t o  c l i n i c a l  s t a f f  by reduc ing  th e  t ime ta ken  t o  r e t u r n  r e s u l t s  t o  t h e  
Ward, C l i n i c ,  or  p r a c t i t i o n e r ' s  o f f i c e . ^
The aim of t h i s  t h e s i s  i s  t o  examine o b j e c t i v e l y  t h e  e x t e n t  
t o  w h ic h  a p p l i c a t i o n  o f  au tom at ion  has improved c l i n i c a l  c h e m is t r y  in  
two main a r e a s  -  o v e r a l l  tu rn ro u n d  time f o r  the  more commonly r e q u e s t e d  
a n a l y s e s ,  and q u a l i t y  o f  r e s u l t s  -  and to  examine th e  r o l e  o f  c r i t i c a l  
p a t h  a n a l y s i s  in  o b t a i n i n g  th e se  improvements.
S u c c e e d i n g  s e c t i o n s  o f  t h i s  i n t r o d u c t i o n  w i l l  c o n s id e r  the  
h i s t o r i c a l  development o f  c l i n i c a l  ch e m is t ry  l a b o r a t o r i e s  i n  the  United  
Kingdom, t h e  demands  c u r r e n t l y  b e i n g  made on l a b o r a t o r i e s  by 
c l i n i c i a n s ,  and the  changes  in  o r g a n i s a t i o n  which have been made to  t r y  
to  cope w i th  the  i n c r e a s i n g  amount o f  work r e f e r r e d  t o  the  l a b o r a t o r y .  
1 .1 .  Development of  C l i n i c a l  Chemist ry  l a b o r a t o r i e s
There i s  an immense c o n t r a s t  between the  p r a c t i c e  of  c l i n i c a l  
c h e m is t ry  today and many y e a r s  ago.  Th is  i s  c l e a r l y  e v i d e n t  f ro m  t h e  
e x t e r i o r  and  i n t e r i o r  v i e w s  o f  a modern c l i n i c a l  b i o c h e m i s t r y  
l a b o r a t o r y  ( P l a t e s  I and I I  r e s p e c t i v e l y )  and the  s imple  u r i n e  t e s t i n g  
p o r t r a y e d  i n  F ig  1 and  p e r f o r m e d  a t  t h e  b e d s i d e  by t h e  a t t e n d i n g  
p h y s i c i a n .
A t t e m p t s  t o  t r a c e  the  o r i g i n s  and development o f  the  s u b j e c t  
however, must go back beyond t h e  19th c e n t u r y .
I t  had been  known s i n c e  a r o u n d  500 AD t h a t  i n s e c t s  w i l l  
a p p r o a c h  u r i n e  f rom  a p a t i e n t  w i t h  d i a b e t e s  m e l l i t u s  p r e s u m a b l y  
b e c a u s e  o f  i t s  s u g a r  c o n t e n t  ( A k e r n e c h t ,  1944) ; P a r a c e l s u s  had 
d e v e l o p e d  t e c h n i q u e s  f o r  q u a n t i t a t i v e  u r i n a l y s e s  d u r i n g  t h e  16 th
plate I E x t e r i o r  o f a modern c l i n i c a l  chem is t ry  l a b o r a t o r y
plate I I  I n t e r i o r  view o f  the  a u t h o r ' s  l a b o r a t o r y
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c e n t u r y  ( Z e k e r t ,  1968) and S h a k e s p e a r e ,  in  Henry IV P a r t  I I ,  w rote  a 
r e f e r e n c e  to  u r i n e  t e s t i n g  i n t o  a c o n v e r s a t i o n  between F a l s t a f f  and h i s  
page :
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PAGE: He s a i d ,  s i r ,  the  w ate r  i t s e l f  was a good h e a l t h y  w a t e r ,  b u t
t h e  p a r t y  t h a t  owned i t ,  he m ig h t  have more d i s e a s e s  
than  he knew f o r .
Blood a n a l y s i s  was l e s s  common, a l t h o u g h  Rober t  Boyle had 
dem o n s t r a ted  th e  e x i s t e n c e  o f  c h l o r i d e  in  human b lood i n  1684 ( F o s t e r ,  
1 9 5 9 ) ;  W i l l i a m  O 'S h a u n e s s e y  had r e p o r t e d  the  a c i d o s i s  of  c h o l e r a  in  a 
l e t t e r  to  the  Lancet  in  1831; B i s c h o f f  had de m o n s t r a te d  the  p r e s e n c e  o f  
c a r b o n  d i o x i d e  and  oxy g en  i n  b l o o d  i n  1837 ( W i n s t e n ,  1969) and S i r
Arthur  Bar ing  Garrod had shown r a i s e d  se rum  u r a t e  c o n c e n t r a t i o n s  i n
g o u t  s u f f e r e r s  i n  1857 (Lines  1977). N e v e r t h e l e s s ,  th e  u r i n a l y s e s  of  
Fig 1 remained the  most im p o r t a n t  a s p e c t  o f  c l i n i c a l  c h e m i s t r y  u n t i l  
t h e  en d  o f  t h e  19 th  c e n t u r y .  Indeed ,  Will iam P rou t  in  " I n q u i r y  i n t o  
the  n a t u r e  and t r e a t m e n t  o f  d i a b e t e s ,  c a l c u l u s  and o t h e r  a f f e c t i o n s  o f  
t h e  u r i n a r y  o r g a n s "  (1821) was a b l e  t o  d e f i n e  a " t r a v e l  p a c k "  o f  
r e a g e n t s  which "with th e  a i d  o f  a common t a p e r  or  ca n d le "  would  e n a b l e
t h e  u s e r  t o  p e r f o r m  " a l l  t h e  e x p e r i m e n t s  on u r i n e ,  and u r i n a r y
p r o d u c t i o n s  t h a t  a re  commonly n e c e s s a r y  in  a p r a c t i c a l  p o i n t  o f  v iew"  
(Raine,  1966).
The i n t r o d u c t i o n  o f  the  hypodermic s y r i n g e  in  the  e a r l y  1900s 
changed the  emphasis  o f  c l i n i c a l  c h e m i s t r y  t o w a r d s  b l o o d  t e s t i n g ,  t o  
t h e  e x t e n t  t h a t  b lo o d  a n a l y s e s  c u r r e n t l y  a c c o u n t  f o r  over  90% of the  
workload  of  c l i n i c a l  c h e m is t r y  l a b o r a t o r i e s  (Table 1) ,
TABLE 1
SCOTTISH CLINICAL CHEMISTRY LABORATORY RETURNS
FISCAL YEAR 1979/80
D i v i s i o n  o f  Workload by Specimen Type
L ab o ra to ry Blood Analyses  
as % o f  t o t a l
U r ine  A nalyses  
as  % o f  t o t a l
O the r  F l u i d s  
a s  % o f  t o t a l
Hawkhead (P a i s l e y ) 91.6% 8.1% 0.3%
Bal lochmyle (A yrsh i re ) 97.8% 1.3% 0.9%
F a l k i r k  ( S t i r l i n g s h i r e ) 98.4% 1.2% 0.3%
Aberdeen Royal 99.6% 0.2% 0.2%
Glasgow Royal 92.4% 6.8% 0.8%
V i c t o r i a  I n f i r m a r y  (Glasgow) 97.7% 1.9% 0.4%
Western I n f i r m a r y  (Glasgow) 97.8% 2.2% <0.1%
Raigmore ( In v e rn es s ) 95.4% 4.1% 0.5%
Edinburgh Royal 98.9% 0.9% 0.2%
N inew e l l s  (Dundee) 97.2% 2.8% <0.1%
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A c o m b i n a t i o n  o f  f a c t o r s  i n c l u d i n g  t h e  s w i t c h  t o  a more 
e a s i l y  a v a i l a b l e  f l u i d ;  the  n e c e s s i t y  t o  p r e - p r o c e s s  b lood  spec imens  by 
c e n t r i f u g a t i o n  be fo re  a n a l y s i s ,  th e  req u i re m en t  f o r  p r o t e i n  removal  in 
c e r t a i n  methods and t h e  v a r i e t y  o f  bulky equipment r e q u i r e d  t o  per fo rm  
t e s t s  l e d  t o  a n a l y s e s  be ing  per formed away from th e  p a t i e n t ' s  b ed s id e  
and  i n s i d e  t h e  p e r m a n e n t  c l i n i c a l  l a b o r a t o r i e s  w h ic h  had been  
d e v e l o p i n g  d u r i n g  t h e  m i d d l e  and l a t e  n i n e t e e n t h  c e n t u r y .  Examples 
i n c lu d e  a l e c t u r e s h i p  in  Chemical  P a tho logy  fo r  J .W.L. Thudichum a t  St  
T h o m a s ' s  h o s p i t a l  in London in  1865 (Lines 1977) and Henry Bence-Jones  
r e p o r t  in  1848 o f  h i s  d i s c o v e r y  o f  a new p r o t e i n  i n  h i s  l a b o r a t o r y  a t  
S t  Georges H o s p i t a l .
An e v e r  i n c r e a s i n g  w o r k l o a d  and  a r e p e r t o i r e  which by 1924 
a l r e a d y  i n c l u d e d  s e r u m  b i l i r u b i n ,  c a l c i u m ,  c h l o r i d e ,  p h o s p h a t e ,  
g l u c o s e ,  c r e a t i n i n e  and  u r e a ,  c a u s e d  l a b o r a t o r y  s t a f f  t o  l o o k  t o  
m a n u fa c tu r e r s  o f  s c i e n t i f i c  i n s t r u m e n t s  t o  im p ro v e  and  e x p a n d  t h e i r  
c a p a c i t y  and ran g e .  The se len ium  b a r r i e r  l a y e r  p h o t o c e l l  was i n t r o d u c e d  
in  th e  United S t a t e s  i n  the  1930s (V ar ley ,  1966) an d  t h i s  o f f e r e d  t h e  
p o t e n t i a l  fo r  more a c c u r a t e  c o l o r i m e t r y ,  compared w i th  the  Duboscq type 
of  v i s u a l  c o l o r i m e t e r  or  Lovibond com para to r ,  b u t  a t  a p r i c e  s u f f i c i e n t  
t o  e n s u r e  t h a t  n o t  more t h a n  one  o r  two would  be p u rc h a s e d  fo r  any 
h o s p i t a l .
Thus by t h e  m i d d l e  o f  t h e  2 0 th  c e n t u r y  t h e  t r e n d  was 
e s t a b l i s h e d  fo r  a n a l y s e s  t o  be  p e r f o r m e d  i n  t h e  h o s p i t a l  l a b o r a t o r y  
r a t h e r  than  a t  the  p a t i e n t ' s  b e d s id e .
The p h y s i c a l  d i s p l a c e m e n t  o f  th e  l a b o r a t o r y  worker away from 
the  p a t i e n t  c r e a t e d  a  problem which has been a m p l i f i e d  o v e r  t h e  y e a r s  
and  s t i l l  e x i s t s  t o d a y  -  th e  need fo r  some form o f  d e l i v e r y  system to
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t r a n s p o r t  specimens to  th e  l a b o r a t o r y  and r e t u r n  r e s u l t s  to  the  wards ,  
a n d  t h e  m a j o r  t i m e  d e l a y s  w h ich  s uch  a s y s t e m  a u t o m a t i c a l l y  
i n t r o d u c e s  i n t o  the  r e q u e s t - a n a l y s i s - r e p o r t  c y c l e .  The consequences  of  
t h i s  need f o r  a d i s t r i b u t i o n  system w i l l  be  c o n s i d e r e d  more f u l l y  in  
S e c t i o n  2 . 2 . 1 ,
1 ,1 ,1  C e n t r a l i s a t i o n  o f  l a b o r a t o r y  r e s o u r c e s
The t r e n d  towards  c e n t r a l i s a t i o n  has  c o n t in u e d  th ro u g h o u t  the  
20th Century  and fo r  s i m i l a r  r e a s o n s .  A rgum en ts  f o r  c e n t r a l i s a t i o n  
(W h i tb y ,  1967) i n c l u d e  making  t h e  b e s t  u s e  o f  c o m p a r a t i v e l y  sm a l l  
numbers o f  t r a i n e d  s t a f f  (T o ta l  o r d i n a r y  membership o f  th e  A s s o c i a t i o n  
o f  C l i n i c a l  B i o c h e m i s t s  was 1500 i n  1981 -  W o r t h i n g t o n ,  ( 1 9 8 2 ) ) ;  
meet ing th e  needs  o f  j u n i o r  s t a f f  f o r  a d e q u a t e  t r a i n i n g ;  m ak ing  t h e  
b e s t  u s e  o f  c o s t l y  a n a l y t i c a l  equipment (In the  e a r l y  1970s the  f i r s t  
a n a l y s e r  c o s t i n g  over £100,000 was i n t r o d u c e d  i n  t h e  UK (H ick  e t  a l ,  
1 9 7 2 ) ) ;  c o o r d i n a t i n g  s e r v i c e  and r e s e a r c h  f u n c t i o n s ,  and the  c a p i t a l  
c o s t  o f  c o n s t r u c t i n g  an a d e q u a t e  l a b o r a t o r y .  For  e x a m p l e .  H o s p i t a l  
B u i l d i n g  N ote  15 ( 1973) p r o v i d e s  f o r  2 1 4 .5  s q u a re  m e t res  of  p r im ary  
space  f o r  t h e  B iochem is t ry  components o f  a D i s t r i c t  G e n e r a l  H o s p i t a l  
and  t h i s  p r o v i s i o n  i s  g e n e r a l l y  cons ide re d  g r o s s l y  i n a d e q u a t e . C u r r e n t  
s a f e t y  r e g u l a t i o n s  c o v e r in g  t h e  p r o v i s i o n  o f  p i p e d  g a s e s ,  fume c u p ­
b o a r d s  (Howie ,  1978) and  o t h e r  e s s e n t i a l  s e r v i c e s  w i l l  f u r t h e r  
i n c r e a s e  t h e  c o s t  o f  th e  b a s i c  l a b o r a t o r y  (Westbury,  1979).
There a r e  a s  y e t  no s i g n s  t h a t  the  tendency  towards c e n t r a l i ­
s a t i o n  w i l l  d im in i s h  and a t  r e g u la r  i n t e r v a l s  f r e s h  p r o p o s a l s  a r i s e  in 
s u p p o r t  o f  c e n t r a l i s a t i o n ,  a r g u i n g  econom ies  o f  s c a l e  (Whitby 1967, 
M a rk s ,  1972,  Camm, 1 9 8 0 ) .  I t  h a s  been  s u g g e s t e d  t h a t  c l i n i c a l  
c h e m i s t r y  l a b o r a t o r i e s  c an  be among th e  m o s t  e x p e n s i v e  a r e a s  in  a
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h o s p i t a l  ( Josephson 1972).  A major in f l u e n c e  o f  au to m a t io n  on c l i n i c a l  
c h e m i s t r y  d e p a r t m e n t s ,  h o w e v e r ,  h a s  b e e n  t o  r e d u c e  t h e  
l a b o u r - i n t e n s i v e ,  and t h e r e f o r e  c o s t l y ,  a s p e c t s  o f  l a b o r a t o r y  work.  I t  
i s  g e n e r a l l y  h e l d  t h a t  a round  80% of  l a b o r a t o r y  c o s t s  a r e  s t a f f  c o s t s  
(L a t h e  1 9 6 9 ) ,  and  i t  i s  c e r t a i n l y  t r u e  t h a t  b i o c h e m i s t r y  l a b o r a t o r i e s  
have succeeded  in  h o ld in g  s t a f f i n g  t o ,  a t  w o r s t ,  a l i n e a r  i n c r e a s e  in  
t h e  f a c e  o f  an  e x p o n e n t i a l l y  i n c r e a s i n g  workload  (Fig 2) . Even where 
e x p e n s i v e  e q u i p m e n t  a l o n e  i s  c o n s i d e r e d ,  t h e  e q u i p m e n t  c o s t s  o f  
r a d i o l o g y  and  r a d i o t h e r a p y  d e p a r t m e n t s  a r e  c o n s i d e r a b l y  h ighe r  than  
th o s e  o f  c l i n i c a l  b io c h e m i s t r y  and some p a t h o l o g y  e q u i p m e n t  s u c h  as  
s c a n n i n g  e l e c t r o n  m i c r o s c o p e s ,  w h ich  a r e  u s e d  i n  t h e  s t u d y  o f  
r e l a t i v e l y  few sam ples ,  c o s t  app rox im ate ly  the  same a s  a m u l t i - c h a n n e l  
a n a l y s e r  in  b io c h e m is t ry .
C e n t r a l i s a t i o n  i s  n o t  w i t h o u t  d r a w b a c k s ,  h o w e v e r .  Whitby 
(1967) no ted  t h a t  the  major a d v e r s e  i m p l i c a t i o n  o f  c e n t r a l i s a t i o n  was a 
p o t e n t i a l l y  i n c r e a s e d  t ime f o r  an i n v e s t i g a t i o n  th ro u g h  d e l a y s  bo th  in  
the  c o l l e c t i o n  o f  specimens and d e l i v e r y  o f  r e p o r t s .  T h e r e  i s  a l s o  
some l o s s  o f  c o n t a c t  between l a b o r a t o r y  s t a f f  and c l i n i c i a n s ,  and t h e r e  
may be i n a b i l i t y  t o  m ee t  t h e  s p e c i a l  r e q u i r e m e n t s  o f  h o s p i t a l s  and 
u n i t s  a t  some d i s t a n c e  f rom t h e  main l a b o r a t o r y .  D es p i te  t h i s ,  the  
c o n c e p t  o f  c e n t r a l i s a t i o n  has  b e e n  g e n e r a l l y  f a v o u r e d  b e c a u s e  a 
c e n t r a l i s e d  l a b o r a t o r y  i s  b e t t e r  ab le  to  a d j u s t  t o  changes  in  the  b a s i c  
f a c t o r s  a f f e c t i n g  an y  c l i n i c a l  c h e m i s t r y  l a b o r a t o r y  -  w o r k l o a d ,  
r e p e r t o i r e ,  a r r i v a l  t imes  o f  specimens and r e q u e s t i n g  p a t t e r n s .
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GRI Annual Totals (Analyses & S ta ff)
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1 . 1 . 2  Workload
The d e p e n d e n c e  o f  t h e  p r a c t i c e  o f  m e d i c i n e  on o b j e c t i v e  
q u a n t i t a t i v e  measurements h a s  been  i n c r e a s i n g  o v e r  t h e  y e a r s .  One 
c o n s e q u e n c e  h a s  b e e n  the  d ra m a t ic  i n c r e a s e  in  t h e  numbers o f  a n a l y s e s  
which c l i n i c i a n s  have r e q u e s t e d  o f  b io c h e m is t ry  d e p a r tm e n t s  th ro u g h o u t  
th e  20th  c e n t u r y  (Nelson,  1969, Lathe and M i t c h e l l  1966, Whitby 1967).
Two e x a m p l e s  w h ic h  t y p i f y  t h e  g r o w t h  i n  t h e  nu m b e rs  o f  
a n a l y s e s  r e q u e s t e d  come f rom  W hi tby  in  1967 who showed t h a t  t h e  
workload  in  th e  Royal  I n f i r m a r y ,  Edinburgh had r i s e n  e x p o n e n t i a l l y  from 
a b o u t  1 , 400 i n  1923 t o  407 ,  000 i n  1966,  i n t e r r u p t e d  o n ly  by th e  war 
y e a r s ,  an d  f ro m  t h e  R o y a l  I n f i r m a r y ,  Glasgow w h ere  he number o f  
a n a l y s e s  p e r f o r m e d  w en t  f rom  a r o u n d  10 ,000  i n  1950 t o  o v e r  h a l f  a 
m i l l i o n  i n  1971.  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  2. C l i n i c a l  
b i o c h e m is t ry  l a b o r a t o r i e s  in  t e ach in g  h o s p i t a l s  a r e  c u r r e n t l y  l i k e l y  to  
be c a r r y i n g  o u t  abou t  5,000 a n a l y s e s  e a c h  d a y  w i t h  somewhat  s m a l l e r  
numbers a t  weekends.
The r e a s o n s  fo r  the  i n c r e a s e  in c lu d e  c l i n i c a l  d i s s a t i s f a c t i o n  
w i th  o t h e r  d i a g n o s t i c  methods ,  the  a b i l i t y  o f  a l a b o r a t o r y  r e s u l t  t o  
r e f l e c t  q u i c k l y  a r a p i d l y  changing c l i n i c a l  s i t u a t i o n ,  and,  above a l l ,  
an i n c r e a s e d  aw areness  o f  the  va lue  of  c h e m is t ry  n o t  o n ly  in  d i a g n o s i s  
b u t ,  even more so ,  in the  m on i to r ing  o f  th e ra p y  (Watts  1973),
Th i s  development has been e n c o u r a g e d  by c l i n i c a l  c h e m i s t s  
who now have  a s i g n i f i c a n t  p a r t  to  p l a y  in  m e d ica l  t r a i n i n g  a t  bo th  
u n d e r g r a d u a t e  and  p o s t g r a d u a t e  l e v e l  and  who h a v e  a l w a y s  t a k e n  an 
a c t i v e  r o l e  i n  i n t e r p r e t a t i o n  of  r e s u l t s ,  and in  d eve lop ing  r e s e a r c h  
i n t o  the  n a t u r e  o f  d i s e a s e  p r o c e s s e s .
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1 .1 .3  R e p e r t o i r e
The r e p e r t o i r e  o f  t h e  c l i n i c a l  l a b o r a t o r y  has a l s o  evo lved  
over th e  y e a r s  a s  a n a l y t i c a l  t e c h n iq u e s  have improved,  and th e  range  of  
t e s t  a v a i l a b l e  has  g r e a t l y  i n c r e a s e d .  i t  i s  c u r r e n t l y  p o s s i b l e  to  
r e q u e s t  o f  a c l i n i c a l  b i o c h e m i s t r y  l a b o r a t o r y  o f  the -  o r d e r  o f  500 
d i f f e r e n t  a n a l y s e s  (Marks 1972) o f  w h ich  a b o u t  2 5 0 -3 0 0  m i g h t  be 
per formed l o c a l l y ,  and  t h e  r e s t  r e f e r r e d  t o  s p e c i a l i s t  c e n t r e s .  A 
sample r e p e r t o i r e  of  a major b io c h e m is t ry  l a b o r a t o r y  i s  l i s t e d  in  Table 
2. Reques t ing  i s  no t  unifo rm a c r o s s  the f u l l  l i s t ,  however,  and  T a b l e  
3 g i v e s  a c l e a r e r  i n d i c a t i o n  o f  t h e  w o r k l o a d  f o r  eac h  i d e n t i f i a b l e  
a n a l y t i c a l  s u b - s e c t i o n  o f  th e  l a b o r a t o r y  e x p re s s e d  a s  a p e r c e n t a g e  o f  
t h e  t o t a l  a n a l y s e s .  From t h i s  i t  c a n  be s e e n  t h a t  a r o u n d  s i x t e e n  
i n d i v i d u a l  a n a l y s e s  in  t h e  f i r s t  four  g r o u p s  a c c o u n t  f o r  o v e r  65% o f  
t h e  t o t a l  w o r k l o a d  o f  t h e  d e p a r t m e n t .  The remainder  o f  t h i s  t h e s i s  
w i l l  c o n c e n t r a t e  p r i m a r i l y ,  b u t  n o t  e x c l u s i v e l y  on t h e  m anagement  o f  
t h i s  s m a l l  g r o u p  o f  a n a l y s e s ,  n o t  because  they a r e  the  most im p o r t a n t  
c l i n i c a l l y  o f  th e  t e s t s  o f f e r e d ,  b u t  because  th ey  i n v o l v e  t h e  l a r g e s t  
numbers  o f  r e q u e s t s  and hence c o n t r i b u t e  th e  most  s i g n i f i c a n t  manage­
ment problem.
I t  a l s o  h a p p e n s  t h a t  a l a r g e  number o f  c l i n i c a l  management 
d e c i s i o n s  a r e  b a s e d  i n  p a r t  on t h i s  r e s t r i c t e d  g r o u p  o f  p r o f i l e s .  
D e c i s i o n s  on a l t e r a t i o n s  t o  i n t r a v e n o u s  f l u i d  r e g i m e s ,  t r a n s f e r  of  
p a t i e n t s  i n t o  co ro n a ry  c a r e  u n i t s ,  the need f o r  r e n a l  d i a l y s i s  and  t h e  
f i t n e s s  o f  p a t i e n t s  t o  u n d e r g o  s u r g e r y ,  a l l  depend t o  some e x t e n t  on 
t h i s  l i m i t e d  group o f  s i x t e e n  o r  so t e s t s ,  and t h e i r  r a p i d  a n a l y s i s  and 
r e t u r n  o f  r e s u l t s  in  t ime f o r  th e  ward round when th e s e  d e c i s i o n s  w i l l  
be ta ken .
TABLE 2
• LISTING OF ALL ANALYSES PERFORMED BY OR THROUGH THE 
DEPARTMENT OF BIOCHEMISTRY, GLASGOW ROYAL INFIRMARY -  DECEMBER 1980
1 7 - o x o s t e r o id s
17 -a lp h a h y d ro x y p ro g e s t e ro n e
2 , 3 ,  D iphosphog lyce ra te
3-methy l  h i s t i d i n e
a c e t o a c e t a t e
a c e t y l a t o r  phenotype
a c i d  p h o s p h a ta s e  ( p r o s t a t i c )
a d r e n o c o r t i c o t r o p h i n
a l a n i n e  t r a n s a m in a s e
albumin
a l d o l a s e
a l k a l i n e  phospha tase
a l d o s t e r o n e
a lpha-am ino  n i t r o g e n
a l p h a  1 a c i d  g ly c o p r o t e i n
a l p h a f  e t o p r o t e i n
a l p h a  1 a n t i t r y p s i n
a l p h a  2 m acro g lo b u l in
aluminium
amino a c i d s
ammonium
amylase
a n d ro s t e n e d io n e
T a b le  2 ( c o n t d )
A n g io te n s in  I I  
a n t i d i u r e t i c  hormone 
a p o - l i p o p r o t e i n  A-1 
Apo-l i p o p r o t e i n  B 
a r s e n i c  
a s c o r b a t e
a s p a r t a t e  t r a n s a m in a s e  
b a r b i t u r a t e s  
baæ  exce ss  
Bence-Jones  p r o t e i n  
b e t a - h y d r o x y b u t y r a t e  
Beta  2 m i c r o g l o b u l i n  
b e t a  q u a n t i f i c a t i o n  
b e t a  l i p o p r o t e i n  
b i c a r b o n a t e  
b i l i r u b i n  ( t o t a l )  
b i l i r u b i n  ( d i r e c t )  
b lood  gases  
bone s c r e e n  
bromide
b ro m o s u lp h th a le in  
C - r e a c t i v e  p r o t e i n  
cadmium
c a e ru lo p la s m in
calcium
c a l c i t o n i n
c a l c u l i
carboxyhaemoglobin
ca ro t e n e
T a b le  2 ( c o n t d )
Carcinoerabryonic a n t i g e n
c a t e c h o la m in e s
c h l o r i d e .
c h l o r m e t h i a z o l e
c h o r i o n i c  g o nado t roph in
c h o l i n e s t e r a s e  + pheno typ ing
c h o l e s t e r o l
chromium
CO^ c o n t e n t
CO^ t e n s i o n
complement C3
copper
COproporphyrin
C o r t i s o l
c r e a t i n i n e
c r e a t i n e  k in a s e
c r e a t i n e  k i n a s e  B ISO
c r e a t i n e
c r y o g l o b u l i n
cyan ide
c y s t i n e
d e h y d ro e p i a n d ro s t e ro n e
d e h y d r o e p i a n d r o s t e r o n e  s u lp h a t e
d ig o x in
drug  s c r e e n
drugs  ( o t h e r  )
e t h a n o l
f a e c a l  o c c u l t  b lood  
f a e c a l  f a t
Table 2 (contd)  
f e r r i t i n
f o l l i c l e  s t i m u l a t i n g  hormone 
f o l a t e
f r e e  f a t t y  a c i d
f r e e  t h y r o x i n e  index
gamma GT
g a s t r i n
g l o b u l i n s
g lu c o se
g l u t a t h i o n e  r e d u c t a s e  
g l u t a t h i o n e  p e r o x id a s e  
g l u c o s e - 6  p h ospha te  dehydrogenase  
g o ld
growth  hormone
h a e m a t o c r i t
haem o s id e r in
haemoglobin
h a p t o g lo b in
H D L -cho le s te ro l
h y d r o x y p ro l in e
hydrogen ion
immunoglobulin A
immunoglobulin G
Immunoglobulin M
iram unoe lec t rophores is
i n s u l i n
i r o n - b i n d i n g  c a p a c i t y  
i r o n
LDH isoenzymes
T a b le  2 ( c o n t d )
L a c t a t e  dehydrogenase  
l a c t a t e
L D L -c h o le s te ro l
l e a d
l e c i t h i n  
l i p o p r o t e i n  X 
l i p o t r o p h i n  (MSH) 
l i p i d  e l e c t r o p h o r e s i s  
l i t h i u m
l u t e i n i s i n g  hormone
magnesium
manganese
melanogen
mercury
methaqualone
methaemalbumin
m e t a d r e n a l in e
m e th o t r e x a t e
methaeraoglobin
myoglobin
n i c k e l
n i t r o g e n
o e s t r i o l
o e s t r a d i o l
o e s t r o g e n
orosomucoid
o s m o l a l i t y
o x a l a t e
oxygen s a t u r a t i o n
T a b le  2 ( c o n t d )
oxygen t e n s i o n  
P 50
p a c k e d . c e l l  volume 
p a n c r e a t i c  p o l y p e p t i d e  
p a r a q u a t
p a ra c e ta m o l  s c r e e n  
p a ra c e ta m o l  
p a r a t h y r o i d  hormone 
pH
p h e n y to in
p h en o b a rb i to n e
p h o s p h a ta s e .  Acid ( P r o s t a t i c )
p h ospha te
p l a c e n t a l  l a c to g e n
p o r p h y r in s
p o rp h o b i l in o g e n
p o ta ss ium
p r e d n i s o l o n e
prea lbum in
pregnancy  t e s t
pr im idone
p r o l a c t i n
p r o g e s t e r o n e
p r o t e i n  ( t o t a l )
p r o t e i n  e l e c t r o p h o r e s i s
p y ru v a te
p y r id o x i n e
T a b le  2 ( c o n t d )
p y r u v a t e  k in a s e  
r e n i n
R e s id u a l  albumin b in d in g  c a p a c i t y
r e t i n o l  b in d i n g  p r o t e i n
r e v e r s e  T3
r i b o f l a v i n
s a l i c y l a t e
sex hormone b in d i n g  g l o b u l i n
s i l v e r
sodium
s p e c i f i c  g r a v i t y  
sph ingomyelin  
sulphonamide s 
su lphaem og lobu l in  
t e s t o s t e r o n e  
t h e o p h y l l i n e  
th i a m in e  
t h i o c y a n a t e
th y r o x i n e  b in d i n g  g l o b u l i n  
t h y r o i d  s t i m u l a t i n g  hormone 
t h y r o g l o b u l i n  
t h y r o x i n e
t i t r a t a b l e  a c i d i t y  
t r a n s f e r r i n
t r a n s k e t o l a s e  ( e ry th ro )  
t r i m e t h o p r i m  
t r i c h l o r o a c e t i c  a c i d  
t r i i o d o t h y r o n i n e  
t r i g l y c e r i d e s
T a b le  2 ( c o n t d )
u r a t e
u re a
u ro p o rp h y r in
u r o b i l i n
u r o b i l i n o g e n
v a l p r o a t e
v a n i l l y l  m ande l ic  a c i d  
Vitamin  E
Vitamin  D3 (25-OHCC) 
Vitamin C 
Vitamin  B12 
Vi tamin B6 
Vitamin B2 
Vi tamin B1 
Vitamin  A
Vitamin  C ( leuc ocy te )
VLDL-cho1e s t e r o 1
W ar fa r in
x y lo s e
z i n c
TABLE 3
GLASGOW ROYAL INFIRMARY AND ASSOCIATED HOSPITALS 
BIOCHEMISTRY WORKLOAD 1980 BY LABORATORY SUB-SECTIONS.
S e c t io n No. o f  i n d i v i d u a l  
a n a ly s e s  performed 
( thousands)
P e r c e n t a g e  o f  
t o t a l  a n a l y s e s
E l e c t r o l y t e s
(Na,K,Cl,Co^, U re a ,C re a t in in e )
L i v e r  F u n c t io n  T e s t s  
(AsT ,A IT ,B il i rub in ,A P)
C ard iac  Enzymes 
(AsT,AIT,LDH,CK)
C a lc iu m ,P h o s p h a te , P r o t e i n s  
(Ca,PO^,TP,Alb)
S p e c i f i c  P r o t e i n s
Thyroid
O ther  Endocr ino logy  
O ther  enzymes 
L i p id s
Trace M eta ls  
Manual Analyses  
P a e d i a t r i c / N e o n a t a l  
O the rs
419
150
45
188
12
50
134
23
21
27
23
80
58
34.0%
1 2 . 2 %
3.7%
15.3%
1 . 0 % 
4.0% 
10.9% 
1.9% 
1.7% 
2 . 2 % 
1.9% 
6.5% 
4.7%
OVERALL TOTAL 1,230 100 . 0 %
9.
W h i le  a d e p a r t m e n t ' s  r e p u t a t i o n  w i l l  o f t e n  d e p e n d  on 
t e c h n i c a l l y  complex,  l a b o u r  i n t e n s i v e  s p e c i a l i s t  a s s a y s  w h ic h  r e q u i r e  
b o t h  i n t e r p r e t i v e  and  a n a l y t i c a l  s k i l l ,  and o f t e n  r e l a t e  to  new and 
c h a l l e n g i n g  a r e a s  o f  m e d i c i n e  l i k e  a lu m in i u m  l e v e l s  i n  d i a l y s i s  
e n c e p h a l o p a t h y  o r  pa ra tho rm one  e s t i m a t i o n  on specimens from n e ck -v e in  
c a t h e t e r i s a t i o n s ,  t h e s e  a n a l y s e s  a r e  ex p ec ted  to  accompany an e f f i c i e n t  
" r o u t i n e "  s e r v i c e  and i t  i s  w i th  th e  e f f i c i e n t  o p e r a t i o n  o f  t h i s  b a s i c ,  
fundam en ta l  s e r v i c e  t h a t  t h i s  t h e s i s  i s  main ly  conce rned .
The number o f  r e q u e s t  forms r e c e iv e d  d u r in g  1980 was 281,000 
o r  around  1000 r e q u e s t s  f o r  a n a l y s e s  p e r  w o r k in g  day  t h r o u g h o u t  t h e  
y e a r .  The m a j o r i t y  o f  t h e s e  r e q u e s t s  ( 6 0 0 - 7 0 0 / d a y ) i n v o l v e d  (not  
always  e x c l u s i v e l y )  th e  f i r s t  fou r  t e s t  g roups  of  Table  3.
1 . 1 . 4  D i s t r i b u t i o n  o f  specimens
H a v in g  shown t h e  i n c r e a s e  i n  t h e  num bers  and  t y p e s  o f  
a n a l y s e s  which t h e  l a b o r a t o r y  i s  expec ted  t o  p e r f o r m ,  i t  i s  n e c e s s a r y  
t o  c o n s i d e r  i n  more d e t a i l  t h e  c o n s t r a i n t s  on l a b o r a t o r y  o p e r a t i o n  
imposed by t h i s  w ork lo ad .
One o f  t h e  m o s t  o b v i o u s  c o n s t r a i n t s  r e l a t e s  to  peaks  in  th e  
w o r k l o a d  f o r  a n y  g r o u p  o f  a n a l y s e s .  T a b l e  3 shows t h e  number o f  
a n a l y s e s  p e r f o r m e d  by each  s e c t i o n  of  the  a u t h o r ' s  l a b o r a t o r y  d u r ing  
1980, and from t h i s  i t  i s  p o s s i b l e  to  compute t h a t  the  a v e r a g e  number 
o f  samples  to  be p r o c e s s e d  f o r  the  e l e c t r o l y t e  group  on any working day 
i s  a round 240 on t h e  b a s i s  o f  a 7 t o  1 t e s t / r e q u e s t  r a t i o  f o r  t h i s  
g r o u p  o f  t e s t s .  Thus  g i v e n  an e i g h t  hour  working day ,  the  sampl ing  
r a t e  o f  any  p r o s p e c t i v e  a n a l y s e r  a p p a r e n t l y  need o n ly  be around 30-40
10.
s a m p l e s  p e r  h o u r  t o  c o p e  w i t h  t h i s  l o a d .  T h i s  o v e r s i m p l i f i e d  c a l ­
c u l a t i o n  d o e s  n o t ,  h o w e v e r ,  a l l o w  f o r  s e t t i n g  up t h e  a n a l y s e r ,  
c l e a n i n g  and s imple  m a in tenance .
L a b o r a t o r i e s  m us t  a l s o  p lan  fo r  the v a r i o u s  k inds  o f  peaks 
in  demand, and the  v a r i a t i o n  in  d i s t r i b u t i o n  o f  r e q u e s t s  f o r  a n a l y s e s  
m u s t  be  c o n s i d e r e d .  Pig 3 shows the monthly v a r i a t i o n  in  r e q u e s t s  fo r  
t h i s  g roup  -  i t  i s  c l e a r  f o r  example ,  t h a t  the  w in te r  months make more 
demand on th e  s e r v i c e  than does the  summer h o l id a y  p e r i o d .  The upward 
t r e n d  i n  t h e  number o f  r e q u e s t s  c a n  a l s o  been  s e e n  f rom F ig  3, 
a m o u n t i n g  t o  an a v e r a g e  a n n u a l  g r o w th  r a t e  o f  a r o u n d  5% pa .  Fig 4 
shows t h e  d a i l y  v a r i a t i o n  i n  e l e c t r o l y t e s  and l i v e r  f u n c t i o n  t e s t s  
d u r in g  F eb ru a ry  1982, a g a in  d em o n s t r a t in g  the  peak demand caused  mainly  
by p a r t i c u l a r  c l i n i c s  be ing  he ld  on s p e c i f i c  days o f  t h e  week.
I n  F ig  5 t h e  t y p i c a l  h o u r l y  d i s t r i b u t i o n  o f  specimens fo r  
e l e c t r o l y t e  a n a l y s i s  on a r r i v a l  a t  t h e  s p e c im e n  r e c e p t i o n  a r e a  i s  
show n.  T h e s e  a r e  c l a s s i f i e d  acco rd ing  to  s o u rc e .  I t  i s  c l e a r  t h a t  
41% o f  t h i s  work a r r i v e s  in  the  a f t e r n o o n  between 2 and  5 pm. On t h e  
b u s i e s t  d a y s  o f  t h e  week f rom F ig  4 t h i s  w i l l  am oun t  t o  o v e r  180 
spec im ens  f o r  t h i s  g roup  a l o n e .  I t  i s  a l s o  c l e a r  from Fig 5 t h a t  t h e s e  
s a m p l e s  a t e  m a i n l y  o f  o u t - p a t i e n t  o r i g i n ,  and t h a t ,  i f  they  a r e  n o t  
d e a l t  w i t h  on t h e  d a y  o f  a r r i v a l ,  t h e y  w i l l  d e l a y  t h e  more u r g e n t  
i n - p a t i e n t  s a m p l e s  w h ic h  c o n s t i t u t e  t h e  b u lk  o f  t h e  e a r l y  morning 
r e q u e s t s  r e a c h in g  the  l a b o r a t o r y .
C o n s i d e r a t i o n  o f  t h e s e  s im p l e  f a c t o r s  t a k e n  w i th  the  l o s t  
a n a l y t i c a l  t ime th rough  the  need f o r  p r e v e n t a t i v e  m a i n t e n a n c e  on t h e  
equ ipm en t ,  th e  n e c e s s i t y  to  run c a l i b r a n t s ,  q u a l i t y  c o n t r o l  samples and 
d r i f t  s t a n d a r d s  and a 5% pa growth  r a t e  g i v e s  a p r e d i c t e d  r e q u i r e m e n t
ü
HIo
0
ë î
O,
 4 ; z
•P
e
CO
Q)
I
©;
.©•
©
#
(0Q)
g
0)
2
Ü(D
LLt
k.
a
0)
mo3
g
ÛC
CO
c
o
"S
k.
g
>»
£
Co
5
O) 
- J  r -
z
<
o
CO
O)
N
NO)
oc
a
ZD
Z<
00
r-
O)
r- 
J  r-ZO CO
.........
<■
Z
o
o
o
r-
o
CO
o
o
o
m
C3
O
o
o
®9IU0Jd JO -ON
<Dk.
O)
(0
o>
co
uc3
I L
?C3
S
eo
g
CO
«
I
CD
OC
„  ...
 ^
.>
♦ *
cj
C Oo
IIL
Eo
Û
a
♦
CO
CO
CD
c
o
ë
if
Q>
>
_ l
CO
CM
^ . . .
a
CD
E
3
z
js:
<D
CD
«L_CJ
>
03
O
CO
B*
n
CO
CD
> >
OL -4 -"
Ü
o
UJ CM
B*
o
o
o
o
CO
o
o
CM
o
o
SQ|!j0Jd JO 'ON
O)K
O
co
03
■&osz
0)JC
(0
c
0
cOa
3
O
a>•(-*c
0
4- "
0
&
cc
o
A
0
lO
0
3
Ü)
Ü .
C
0"3
§
0
4- 'w
0
3cr
0
GC
04-*>%
O
ü
0
LU
00
CD
0
0
0
>
OO
r—
r #
- i n
s  V.
M
O v
i n
%  N S
X  X  
X  X  
\  X
-«NJ
0
E
H
CVJ
- O
- CD
O
o
o
r r
o
o
o
co
Jm
o
o
o
CM
O
o
o
sjsenbay jo "0^
11 .
f o r  e l e c t r o l y t e  p r o c e s s i n g  i n  1987 o f  around 140 s a m p le s /h .  C l e a r l y  
t h e  l a b o r a t o r y  m u s t  e x p e c t  i n s t r u m e n t  m a n u f a c t u r e r s  t o  p r o v i d e  
p r e s e n t - d a y  a n a l y s e r s  c a p a b le  o f  pe r fo rming  a t  s i m i l a r  sampl ing  r a t e s  
in  o r d e r  to  p ro v id e  a s e r v i c e  over th e  expec ted  seven  y e a r  working l i f e  
o f  the  equipment.  The e f f e c t  o f  the  type s  o f  i n s t r u m e n t s  a v a i l a b l e  on 
th e  a b i l i t y  o f  th e  l a b o r a t o r y  to  respond t o  c l i n i c a l  r e q u e s t s ,  and  on 
t h e  s t r u c t u r e  o f  t h e  l a b o r a t o r y ' s  i n t e r n a l  o r g a n i s a t i o n  w i l l  be 
c o n s id e r e d  i n  the  n e x t  s e c t i o n .  However, b e fo re  l e a v i n g  t h i s  s e c t i o n ,  
i t  s h o u l d  be m e n t i o n e d  t h a t  an  e x c e s s i v e  s a m p l i n g  r a t e  c a n  be an 
em barrassment t o  a l a b o r a t o r y .  The r e a g e n t  c o n s u m p t i o n  o f  a l a r g e  
3 0 0 / h  m u l t i c h a n n e l  a n a l y s e r  c a n  be s u c h  t h a t  t h e  d a y ' s  workload i s  
p r o c e s s e d  a s  one ,  or  pe rh ap s  two ve ry  l a r g e  b a t c h e s  so  t h a t  g a i n s  in  
s h o r t e n e d  a n a l y s i s  t i m e s  c a n  be more than  o f f s e t  by ex tended  w a i t i n g  
t ime b e fo re  a n a l y s i s .
1 .1 .5  E f f e c t s  of  Automation on Reques t ing  P a t t e r n s
Based  i n i t i a l l y  on workload along the  l i n e s  o f  the  arguments 
in  S e c t io n s  1 . 1 .2  to  1 . 1 .4  a l a b o r a t o r y  w i l l  a c q u i r e  a n a l y t i c a l  i n s t r u ­
m e n t s  a p p r o p r i a t e  t o  i t s  n e e d s .  This  equipment i s  l i k e l y ,  however, to  
p u l l  t o g e t h e r  a number o f  a n a l y s e s  f o r  two main r e a s o n s  - t h e  a n a l y s e s  
fo rm f u n c t i o n a l  g r o u p s  o f  t e s t s  s u c h  a s  the  e l e c t r o l y t e  and r e n a l  
f u n c t i o n  g roup ,  c a r d i a c  enzyme p r o f i l e ,  g o n a d o t r o p h i n s ,  o r  t h y r o i d  
g r o u p ,  and  i t  i s  u s u a l l y  p o s s i b l e  fo r  an i n s t r u m e n t  m a n u fa c tu re r  to  
l i n k  a number o f  t e s t s  t o g e t h e r  i n t o  a m u l t i - c h a n n e l  a n a l y s e r  u s i n g  
t h e  same p r o c e s s  c o n t r o l  s y s t e m  and thus  o f f e r  a more c o s t - e f f e c t i v e  
package than  the  a l t e r n a t i v e  a u t o m a t i o n  o f  s i n g l e  m e th o d s  ( C l a r k e ,  
1978 ,  Andrews,  1972). A d d i t i o n a l l y ,  l a b o r a t o r y  o p e r a t i o n  i s  s i m p l i f i e d  
by g rouping  a number o f  c h a n n e l s  t o g e t h e r  and  s t a f f  c o s t s  c a n  be
12.
r e d u c e d  ( H i n d r i c k s ,  1975) th u s  improving the  a p p a re n t  p r o d u c t i v i t y  o f  
t h e  l a b o r a t o r y ,  b a s e d  on t h e  number o f  t e s t s  p r o d u c e d  by t h e  
l a b o r a t o r y  d i v i d e d  by t h e  t o t a l  number o f  t e c h n i c a l  s t a f f .  (Nelson,  
1969) . Some m a n u fa c tu r e r s  have ex tended t h i s  t o  f i f t e e n  t o  twenty  t e s t  
p r o f i l e s ,  bu t  t h e s e  have t h e i r  own drawbacks c l i n i c a l l y ,  in c lu d in g  the  
c o n c e a l m e n t  o f  i m p o r t a n t  r e s u l t s  w i t h i n  t h e  l a r g e  n o n - s e l e c t i v e  
p r o f i l e s .  The fo rm which  r e p o r t s  s h o u l d  t a k e n  w i l l  be f u r t h e r  
d i s c u s s e d  in  S e c t i o n  1.1.6 where t h e  c l i n i c a l  r e q u i re m e n t s  o f  t h e  b a s i c  
s e r v i c e  a r e  c o n s id e r e d  in  more d e t a i l .
T h i s  i n  t u r n ,  w i l l  mean t h a t  t h e  c l i n i c i a n  who makes h i s  
r e q u e s t s  from t h e  automated s e c t i o n  o f  t h e  l a b o r a t o r y ' s  r e p e r t o i r e  
w i l l  e n s u re  a f a s t  tu rn ro u n d  o f  r e s u l t s ,  bu t  i f  he a s s o c i a t e s  t h i s  w ith  
a r e q u e s t  from a s lo w e r ,  or  non-automated s e c t i o n  t h e r e  i s  a r i s k  t h a t  
t h e  comple ted  r e s u l t s  may w e l l  be delayed  because th e  r e p o r t i n g  system 
o p e r a t e s  a t  t h e  r a t e  o f  t h e  s low es t  a n a l y s i s .  Th is  i n  t u r n  w i l l  have  
an e f f e c t  on t h e  r e q u e s t i n g  p a t t e r n s  which deve lop .  I t  can be argued 
t h a t  f a s t e r  tu rn ro u n d  w i l l  g e n e r a t e  i t s  own demand t o  some e x t e n t  -  fo r  
example when g r a v i m e t r i c  sodium and pota ss ium e s t i m a t i o n s  r e q u i r e d  1 to  
2 d a y s  b e f o r e  r e s u l t s  w ere  a v a i l a b l e ,  t h e  a n a l y s e s  were  o f t e n  o f  
a c a d e m i c  i n t e r e s t  t o  a c l i n i c i a n ,  and so demand was c o n t a in e d  because 
o f  t h e  l a b o r a t o r y ' s  i n a b i l i t y  t o  r e t u r n  r e s u l t s  w i t h i n  t h e  t i m e  
r e q u i r e d .
I n t r o d u c t i o n  of  f lame photomete rs  which gave a more a c c u r a t e  
r e s u l t  i n  m in u te s  c o n t r i b u t e d  t o  th e  i n c r e a s e  i n  workload .  S i m i l a r l y ,  
the  r e l a t i v e l y  r e c e n t  concep t  o f  p rov id ing  on s i t e  g lu c o s e  a n a l y s e r s  in  
d i a b e t i c  c l i n i c s  h a s  l e d  t o  an i n c r e a s e d  demand f o r  t h i s  t y p e  o f  
s e r v i c e .
13.
L a b o r a t o r i e s  t e n d  t o  a u t o m a t e  r e q u e s t s  and r e q u e s t  groups  
which a l r e a d y  c o m p r i s e  t h e  l a r g e s t  s e c t i o n s  o f  t h e  w o r k l o a d ,  and 
t h e r e  i s  a r i s k  t h a t  im p ro v e d  r e s p o n s e  in  those  a r e a s  w i l l  l e ad  to  
g r e a t e r  use o f  th e  s e r v i c e  and a type o f  p o s i t i v e  feedback  may d e v e l o p  
t o  t h e  d e t r i m e n t  o f  t h e  o t h e r  t e s t s  w h ich  a r e  r e q u e s t e d  l e s s  
f r e q u e n t l y .
M ethods  o f  o v e r c o m in g  some o f  t h e  p o t e n t i a l  c o n s t r a i n t s  
r e l a t e d  t o  th e  r e q u e s t i n g  o f  unusua l  g roup ings  o f  t e s t s ,  or  th e  s low er ,  
more t i m e - c o n s u m i n g  s e c t i o n s  o f  the  r e p e r t o i r e  w i l l  be c o n s id e re d  in 
d e t a i l  i n  S e c t i o n  3 . 4 . 4 ,  b u t  f o r  t h e  moment,  i t  i s  n e c e s s a r y  t o  
r e c o g n i s e  t h a t  l a b o r a t o r y  o r g a n i s a t i o n  must a l low  a l l  com bina t ions  of  
t e s t s  to  be r e q u e s t e d ,  w i th  f a s t e s t  p o s s i b l e  tu rn round  i r r e s p e c t i v e  o f  
r e q u e s t i n g  p a t t e r n s .
1 . 1 . 6  C l i n i c a l  E x p e c t a t i o n s  o f  a l a b o r a t o r y  s e r v i c e
Befo re  c o n s i d e r i n g  l a b o r a t o r y  o r g a n i s a t i o n ,  i t  i s  i n s t r u c t i v e  
to  c o n s i d e r  th e  e x p e c t a t i o n s  o f  the  c l i n i c a l  s t a f f  and what they  see  as 
t h e i r  i d e a l  r e q u i r e m e n t s  f o r  l a b o r a t o r y  r e q u e s t s ,  A s t u d y  among 
c l i n i c a l  s t a f f  in  the  Wes te rn  D i s t r i c t  o f  Glasgow (Ormerod e t  a l  1976) 
i d e n t i f i e d  e x t e n d e d  t u r n r o u n d  t i m e  f o r  r o u t i n e  a n a l y s e s  as a major 
s o u rc e  o f  d i s s a t i s f a c t i o n  among c l i n i c i a n s ,  w i t h  one t h i r d  o f  t h o s e  
r e t u r n i n g  q u e s t i o n n a i r e s  unhappy  a t  l a b o r a t o r y  p e r fo rm a nce  in  t h i s  
a r e a ,  and a s m a l l e r ,  b u t  s t i l l  s u b s t a n t i a l  m i n o r i t y  (^15%) c o n c e r n e d  
e v e n  a b o u t  tu rn ro u n d  o f  emergency a n a l y s e s ,  ina d e q u a te  communications 
in  r e p o r t i n g  abnormal r e s u l t s  by te l e p h o n e ,  and l a c k  o f  i n t e r p r e t a t i o n  
o f  r e s u l t s  was a l s o  i n d i c a t e d ,  b u t  t h i s  l a t t e r  d a t a  was n o t  u n f o r ­
t u n a t e l y  c o r r e l a t e d  w i t h  t h e  p r o v i s i o n  o f  c l i n i c a l  i n f o r m a t i o n  on 
r e q u e s t  f o r m s .  A m a j o r i t y  of  c l i n i c i a n s  found th e  sys tem o f  o r d e r in g
14.
l a r g e  p r o f i l e s  h e l p f u l ,  b u t  a p r e f e r e n c e  f o r  o r d e r i n g  a n a l y s e s  by 
f u n c t i o n a l  g r o u p s  (eg l i v e r  f u n c t i o n  t e s t s ,  l i p i d  p r o f i l e s ) ,  was 
e x p re s s e d  by a m a j o r i t y  o f  u s e r s ,  w i th  a marked (50%) d i s i n c l i n a t i o n  t o  
o r d e r  i n d i v i d u a l  a n a l y s e s .
Cumula t ive r e p o r t i n g  was a l s o  r e q u e s t e d ,  a t  some s t a g e ,  by a t  
l e a s t  one t h i r d  o f  t h e  c l i n i c a l  s t a f f ,  and  t h i s  a s p e c t  w i l l  be d i s ­
c u s s e d  in  S e c t io n  3 . 4 . 3 .
Attempts  t o  s a t i s f y  th e se  c r i t e r i a ,  and in  p a r t i c u l a r  to  meet
I
th e  tw in  aims o f  improving tu rn round  t imes  w h i le  b a s in g  the  a n a l y t i c a l  
e q u i p m e n t  on t h e  n e e d  t o  p e r f o r m  f u n c t i o n a l  g ro u p in g s  o f  t e s t s ,  w i l l  
have a c o n s i d e r a b l e  b e a r i n g  on a l l  a s p e c t s  o f  l a b o r a t o r y  o r g a n i s a t i o n ,  
i n  p a r t i c u l a r  the  specimen r e c e p t i o n  and d i s t r i b u t i o n  system (S ec t io n  
2 . 3 ) ,  t h e  manpower r e q u i r e m e n t s ,  t h e  number  an d  v a r i e t y  o f  d a t a  
a c q u i s i t i o n  d e v i c e s  ( S e c t i o n  2 .5 )  and t h e  p r o v i s i o n s  f o r  r e p o r t  
p r o d u c t i o n  (Chapter  3) .
1 . 1 .7  Summary
In  S e c t i o n  1.1 i t  h a s  b e e n  shown t h a t ,  i n  r e s p o n s e  t o  
i n c r e a s i n g  workload ,  l a b o r a t o r i e s  have  r e m a i n e d  c e n t r a l i s e d .  T h i s  
makes  b e s t  use of  r e s o u r c e s ,  a l th o u g h  a t  the  expense  o f  i n t r o d u c i n g  a 
d e l a y  b e t w e e n  s p e c im e n  c o l l e c t i o n ,  a n a l y s i s  an d  t h e  d e l i v e r y  o f  a 
r e p o r t .  T h i s  d e l a y  i s  m a i n l y  due t o  t h e  d i s t a n c e  b e tw e e n  t h e  
c l i n i c i a n  and  t h e  l a b o r a t o r y  -  w h ich  r e q u i r e s  a d e l i v e r y  s y s t e m .  
L a b o r a t o r i e s  have a u t o m a t e d  t h e i r  common a n a l y s e s  i n  r e s p o n s e  t o  
c l i n i c a l  demand f o r  f a s t e r  tu rn ro u n d ,  and gea re d  t h i s  au tom at ion  t o  the  
p e a k  demands  f o r  e a c h  a n a l y t i c a l  group a l th o u g h  i t  has  been s u g g es ted  
t h a t  com bina t ions  o f  common and uncommon r e q u e s t s  can pose problems fo r  
t h e  l a b o r a t o r y .  E v i d e n c e  has  a l s o  been  p r e s e n t e d  t o  show t h a t
15.
c l i n i c i a n s  f a v o u r  s m a l l  f u n c t i o n a l  g r o u p s  o f  a n a l y s e s  o v e r  e i t h e r  
s i n g l e  t e s t s  or  l a r g e  p r o f i l e s  and a r e  d i s s a t i s f i e d  w i th  the  tu rn round  
t im es  which l a b o r a t o r i e s  can a c h i e v e .
16.
1 ,2 .  A s imple  Method o f  a s s e s s i n g  the  impact  o f  au tom at ion  on the
l a b o r a t o r y
The f i r s t  page o f  the  i n t r o d u c t i o n  i n d i c a t e d  t h a t  au tom at ion  
would have an e f f e c t  on bo th  th e  a n a l y t i c a l  p r o c e s s e s  and  t h e  ways i n  
which the  l a b o r a t o r y  was o r g a n i s e d  to  r e p o r t  r e s u l t s .  The o b j e c t i v e  o f  
t h i s  and succeed ing  s e c t i o n s  i n  the  I n t r o d u c t i o n  i s  t o  d e s c r i b e  methods 
which p e rm i t  o b j e c t i v e  a s s e s sm e n t  o f  t h e se  e f f e c t s ,  and,  in  p a r t i c u l a r ,  
to  c o n c e n t r a t e  on the  a p p l i c a t i o n  o f  n e t w o r k  a n a l y s i s  t e c h n i q u e s  t o  
l a b o r a t o r y  o r g a n i s a t i o n ,  s i n c e  i t  i s  by t h i s  t e c h n i q u e  t h a t  a l l  
s u b se q u e n t  improvements in  a n a l y t i c a l  sampling r a t e s  ( C h a p t e r  2) and  
au tom at ion  o f  r e p o r t i n g  sys tems (Chapter  3) w i l l  be measured.
I t  h a s  b e e n  shown i n  S e c t i o n  1 . 1 ,  t h a t ,  f o r  h i s t o r i c a l  
r e a s o n s ,  c l i n i c a l  l a b o r a t o r i e s  became p h y s i c a l l y  removed from th e  
s o u rce  o f  a r e q u e s t  f o r  a n a l y s i s  -  the  p a t i e n t ' s  b e d s i d e ,  t h e  g e n e r a l  
p r a c t i t i o n e r ' s  s u r g e r y  o r  t h e  c l i n i c .  Thus t h e  f a m i l i a r  c y c l e  of  
r e q u e s t i n g  -  specimen t r a n s p o r t a t i o n  -  a n a l y s i s ,  and  r e p o r t  d e l i v e r y  
was c r e a t e d ,  i n  w h ich  t h e  l a b o r a t o r y  i s  r e g a rd e d  a s  a box i n t o  which 
r e q u e s t s  and specimens a r e  p l a c e d ,  and o u t  o f  which come r e p o r t s .  (F ig  
6) .
The n e x t  l e v e l  o f  s o p h i s t i c a t i o n  l a b e l s  the  e v e n t s  w i t h i n  the  
box and shows th e  l o g i c a l  sequence o f  t h e s e  e v e n t s  n e c e s s a r y  t o  produce 
t h e  r e p o r t  ( F i g u r e  7 ) .  From t h i s  i t  i s  c l e a r  t h a t  th e  o v e r a l l  t u r n -  
round t ime o f  any a n a l y s i s  i s  the  sum o f  the  t im e s  t a k e n  f o r  a number 
o f  i n t e r m e d i a r y  e v e n t s ,  some o f  w h ich  p r o c e e d  s t e p w i s e  in  a l i n e a r  
f a s h i o n  (eg the  specimen r e c e p t i o n  p ro c e s s e s )  and o t h e r s  o f  w h ic h  a r e  
p e r f o r m e d  i n  p a r a l l e l  (eg t h e  s e p a r a t e  w o r k s h e e t  c o n s t r u c t i o n  and 
a n a l y t i c a l  a c t i v i t i e s  a t  each  s e p a r a t e  work a r e a  o f  th e  l a b o r a t o r y ) .
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To s t u d y  t h e  p r o c e s s e s  f u r t h e r  i t  i s  u s e f u l  t o  employ some 
form o f  management system w h ic h  w i l l  a l l o w  us  t o  i d e n t i f y  t h e  t i m e -  
c r i t i c a l  a r e a s  o f  t h e  s e q u e n c e  and hence  p e r m i t  e v a l u a t i o n  o f  the  
e f f e c t s  o f  any a d j u s t m e n t s  which a t t e m p t  t o  o p t i m i s e  th e  s equence .  In 
t h i s  s e n s e ,  c l i n i c a l  l a b o r a t o r y  management i s  no d i f f e r e n t  f rom  
b u i l d i n g  p r o j e c t s ,  p r o d u c t i o n  systems or  assembly  l i n e s ,  and s h o u l d  be 
a m e n a b le  t o  some form o f  network t e c h n iq u e .  These have been a v a i l a b l e  
s i n c e  the  l a t e  1950s (P a y n e ,  1966) and  w ere  o r i g i n a l l y  u s e d  i n  t h e  
P o l a r i s  p r o j e c t  by the  American Navy, bu t  t h e r e  seem to  have been few 
a t t e m p t s  t o  ap p ly  t h e s e  to  c l i n i c a l  l a b o r a t o r i e s  ( S p i e g e l ,  1980,  B o e r ,  
1 9 7 2 ) .  A number o f  d i f f e r e n t  a p p r o a c h e s  t o  l o n g - t e r m  p la n n in g  have 
been s u g g e s t e d ,  such as  PERT (Program E v a l u a t i o n  Review T e c h n i q u e ) ;  
CPM ( C r i t i c a l  P a t h  M e t h o d ) ;  PRISM (P rogram  R e l i a b i l i t y  In fo rm a t io n  
System f o r  M anagem en t ) ; IMPACT ( I n t e g r a t e d  Managem ent P l a n n i n g  and 
C o n t r o l  T e c h n i q u e )  and SCANS ( S c h e d u l i n g  and C o n t r o l  by Automated 
Network Systems) ( S t a r r ,  1964). A l l  o f  the  above s h a r e  t h e  c o n c e p t  
o f  a c r i t i c a l  p a t h  -  t h a t  i s  the  even t  or  sequence  o f  e v e n t s  which i s  
r a t e - l i m i t i n g  in  the  f low c h a r t  o f  the system.
1 ,2 ,1  Elements o f  C r i t i c a l  Path Analys is
The o b j e c t i v e  o f  a t t e m p t i n g  to  use c r i t i c a l  p a th  methods in  
s tu d y in g  th e  v a r i o u s  o p e r a t i o n s  w i t h i n  a c l i n i c a l  c h e m is t r y  l a b o r a t o r y  
i s  t o  d e f i n e  t h e  r a t e - l i m i t i n g  a c t i v i t i e s  w i t h i n  th e  l a b o r a t o r y  and 
th u s  focus  a t t e n t i o n  on the a r e a s  which,  i f  improved,  would s h o r t e n  the 
t o t a l  t u r n r o u n d  t ime in  l i n e  w i th  the c l i n i c a l  r e q u i r e m e n t s  i d e n t i f i e d  
in  S e c t io n  1 , 1 . 6 .
18.
In e s s e n c e ,  c r i t i c a l  p a th  methods add a t ime dimension to  the  
sequence o f  e v e n t s  which have a l r e a d y  b e e n  e l u c i d a t e d .  Each o f  t h e  
a c t i v i t i e s  t o  be a c c o m p l i s h e d  i s  shown as  an a r row,  and the  com­
p l e t i o n  of  an a c t i v i t y  i s  c a l l e d  an e v e n t  and  i s  shown a s  a c i r c l e  
(T a b l e  4) . The method  t r a d i t i o n a l l y  r e q u i r e s  t h a t  t h r e e  e s t i m a t e s  be 
made t o  p e r m i t  c a l c u l a t i o n  o f  t h e  e x p e c t e d  e l a p s e d  t i m e  f o r  e a c h  
a c t i v i t y .  These a r e  an o p t i m i s t i c  e s t i m a t e  (a) a p e s s i m i s t i c  e s t i m a t e ,  
(b) and  an  e s t i m a t e  o f  what  i s  most l i k e l y ,  (m) , The ex p ec ted  e l a p s e d  
t im e ,  ( t g ) , i s  then  c a l c u l a t e d  as  
t^  = K-j (a+b) + K2 (m)...................................................1
where and K2  a r e  d e r i v e d  w e igh t ing  c o n s t a n t s ,  f r e q u e n t l y  taken  as  K-) 
= 1/6 and K2  = 2/3  ( S t a r r ,  1964). F u r th e r ,  an e s t i m a t e  o f  the  v a r i a n c e  
6 * 2  a s s o c i a t e d  w i th  the  tg  f o r  each  a c t i v i t y  i s  n e c e s s a r y ,  s i n c e  the  sum 
o f  t h e  v a r i a n c e s  o f  th e  independen t  a c t i v i t i e s  in  a system w i l l  p ro v id e  
t h e  v a r i a n c e  o f  t h e  t o t a l  sequence and p e r m i t  e s t i m a t e s  to  be made of
th e  l i k e l i h o o d  o f  d e v i a t i n g  from the  t a r g e t  t ime.  The fo rm u la  f o r  th e
v a r i a n c e  o f  an e l a p s e d  t ime e s t i m a t e  i s  g iven  by
^  = IK3  (b-a)  ] 2  ,  .......................................... 2
w here  K3  i s  a l s o  a d e r iv e d  w eigh t  and i s  g e n e r a l l y  taken  as 1/6 ( S t a r r
1964).
1 . 2 . 2  A p p l i c a t i o n  o f  C r i t i c a l  Path A na lys i s  t o  Labo ra to ry
Workflow
To i l l u s t r a t e  t h i s  p r o c e s s  we c a n  c o n s i d e r  a s e c t i o n  o f  
l a b o r a t o r y  w o r k f lo w  r e l a t i n g  t o  t h e  p r o d u c t i o n  o f  c o m p u t e r - b a s e d  
c u m u l a t i v e  e l e c t r o l y t e  r e p o r t s  in  the a u t h o r s  l a b o r a t o r y  in  1975 (Fig 
8) .
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TABLE 4
ELEMENTS OF CRITICAL PATH ANALYSIS
Symbol Name
O
T
— -  *
A c t i v i t y
Node/even t
node
Cumula tive
Mean
Time
Expec ted
Elapsed
Time
Dummy
A c t i v i t y
V ar iance
I n t e r p r e t a t i o n
S p e c i f i e s  a p a r t i c u l a r  o p e r a t i o n  t o  
be performed and d e m o n s t r a t e s  th e  
r e l a t i o n s h i p s  between e v e n t s .
Symboli ses t h e  co m p le t io n  o f  an 
a c t i v i t y
Measures t h e  e a r l i e s t  e x p e c te d  cum ula t ive  mean 
t ime taken  t o  g e t  t o  any node i n  t h e  network 
a long  t h e  p a r t i c u l a r  a c t i v i t y  sequence 
shown. I t  i s  a s s o c i a t e d  w i th  t h e  Node 
symbol
Th is  t ime measurement i s  t h e  mean t ime 
ta k e n  t o  complete any one a c t i v i t y  and 
i s  a s s o c i a t e d  w i th  t h e  a c t i v i t y  arrow
This  shows a l o g i c a l  c o n n e c t io n  between
two nodes ,  b u t  has  no p h y s i c a l  e x i s t a n c e ,
and a t  o f  z e ro ,  e
The v a r i a n c e  i s  a measure  o f  t h e  l i k e l y  
s p read  o f  t im es  f o r  a s i n g l e  a c t i v i t y .  
V ar iances  a r e  a d d i t i v e  and can be used  t o  
measure th e  95% c o n f id e n c e  i n t e r v a l  o f  t h e  
l i k e l y  t ime  t o  com ple t ion  o f  any s e c t i o n  
o f  th e  ne twork .
TABLE 4 ( c o n t d )
Symbol Name I n t e r p r e t a t i o n
-------------> C r i t i c a l  a c t i v i t y An a c t i v i t y  whose d u r a t i o n  
i s  c r i t i c a l  t o  t h e  o v e r a l l  t ime 
t o  com ple t ion  o f  t h e  ne twork
T^ L a t e s t The d i f f e r e n c e  T^-T^ a t  any 
node s p e c i f i e s  t h e  s l a c k  i n  th e  
network a t  t h a t  p o i n t
L Cumula tive t ime
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The d o t t e d  l i n e  be tw een  nodes 9 and 5 i s  used to  r e - c o n n e c t  
two p a r a l l e l  s t r e a m s  o f  a c t i v i t y  ( i n  t h i s  c a s e  c l e r i c a l  a c t i v i t i e s  
th rough  nodes 2 , 3 , 4 ,  and 5 and a n a l y s e s  th rough 2 , 8 , 9  and 5) which must
bo th  be completed b e f o r e  the n e x t  a c t i v i t y  (check Q u a l i t y  o f  Batch) can
b e g in .  I t  i s  known as  a dummy a c t i v i t y  as  i t  has no p h y s i c a l  e x i s t a n c e ,  
and a t^  o f  ze ro .
1 . 2 .2 . 1  D ura t ion  o f  A c t i v i t i e s  -  Timing S tu d ie s
An im m e d ia te  d i f f e r e n c e  between t h i s  a p p l i c a t i o n  o f  c r i t i c a l  
p a t h  a n a l y s i s  and th e  use o f  s i m i l a r  methods in  p r o j e c t  m anagement  i s  
t h a t  where the  method i s  used to  i d e n t i f y  the  t i m e - c r i t i c a l  a r e a s  o f  an 
e x i s t i n g  ne twork,  i t  i s  p o s s i b l e  t o  measure the  e l a p s e d  t im in g s  o f  each 
a c t i v i t y ,  r a t h e r  than  use  e s t i m a t e s  as  one would t o  c o n s t r u c t  a network 
a n a l y s i s  o f  a p roposed  b u i l d i n g  p r o j e c t ,  f o r  example.
The fo rmulae  fo r  e x p ec ted  e l a p s e d  t im e ,  t ^ ,  and i t s  v a r i a n c e ,
g iv e n  in  e q u a t i o n s  1 and 2 fo r  com ple te ness ,  a r e  t h e r e f o r e  r e p l a c e d  
by the  s t r a i g h t f o r w a r d ,  and r a t h e r  more f a m i l i a r  s t a t i s t i c a l  e q u a t i o n s  
f o r  t h e  mean and v a r i a n c e  o f  t h e  g r o u p  o f  o b s e r v a t i o n s ,  where each  
o b s e r v a t i o n  (X^) r e p r e s e n t s  one measurement o f  the  a c t u a l  d u r a t i o n  of  
any named a c t i v i t y .
The fo rmulae  then become:
t = ^x/n ........................................................................................lae
= $.(Xj^  -  x ) ^ / ( n  -  1 ) ...................................................... 2a
where t ^  and cr  ^ have th e  same meaning as  b e fo re  ,
Xj_ i s  an i n d i v i d u a l  t ime measurement fo r  the  a c t i v i t y  
^x i s  th e  sum of  a l l  i n d i v i d u a l  t i m in g s .
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îT i s  the  mean e l a p s e d  t ime and i s  eq u a l  t o  t ^ .
and n i s  th e  number o f  t im ing  measurements f o r  the  a c t i v i t y .
The d i f f e r e n c e s  be tw e e n  t h e  p a i r s  o f  f o r m u l a e  a r e  
i n t e r e s t i n g .  I f  e q u a t i o n  1 i s  r e - w r i t t e n ,  i n c o r p o r a t i n g  t h e  
t r a d i t i o n a l  v a l u e s  fo r  the  w e ig h t in g  c o n s t a n t s ,  we ob ta in -  
tg  = 1/6 (a + b + 4 m) .......... ...................... 1b
and i t  can be c l e a r l y  s een  t h a t  t h i s  i s  a s imple  a t t e m p t  t o  w e i g h t  t h e
va lu e  o f  tg  towards  th e  most  l i k e l y  e s t i m a t e  m, w h i l e  p e r m i t t i n g  s l i g h t  
m o d i f i c a t i o n  by t h e  o p t i m i s t i c  and  p e s s i m i s t i c  e s t i m a t e s .  In  t h a t  
s e n s e ,  t g  i s  more of  a median e s t i m a t e  than  a mean, be ing  s u b j e c t  on ly  
t o  s l i g h t  b i a s  by the ex t reme v a lu e s  which can be c o n s i d e r e d  t o  l i e  a t  
e a c h  end  o f  t h e  p r o b a b l e  d i s t r i b u t i o n  o f  e x p e c t e d  t i m e s ,  and i t  i s
a r g u a b l e  t h a t  t h e  median,  r a t h e r  than  the  mean t im e  o b t a i n e d  f rom t h e
t i m i n g  m e a s u r e m e n t s  used i n  formula l a  would t h e r e f o r e  be more a p p ro ­
p r i a t e  .
In p r a c t i c e ,  however,  t h e r e  i s  a prob lem w i th  t h i s  c o n c e p t .  
I t  c o n c e r n s  t h e  c a l c u l a t i o n  o f  t h e  v a r i a n c e ,  s i n c e  t h e  v a r i a n c e  
e s t i m a t e  from e q u a t i o n  2 i s  used  s t r i c t l y  as  a v a r i a n c e  o f  a Gaussian  
d i s t r i b u t i o n  in  s t a t i s t i c s .  T h a t  i s ,  a l l  v a r i a n c e s  may be a d d e d  t o  
p r o v i d e  a m e a s u r e  o f  t h e  t o t a l  v a r i a n c e  o f  a sequence  o f  a c t i v i t i e s ,  
and th e  squa re  r o o t  o f  any v a r i a n c e  i s  used t o  d e f i n e  the  67% and  95%
c o n f i d e n c e  i n t e r v a l s  f o r  c o m p l e t i o n  o f  t h e  a c t i v i t y .  Thus i t  i s
n e c e s s a r y  t h a t  t h e  G a u s s i a n  d i s t r i b u t i o n  s t a t i s t i c a l  f o r m u l a  o f  
e q u a t i o n  2 be used  to  c a l c u l a t e  the  v a r i a n c e  from measured t i m in g s .
1 . 2 . 2 , 2  Example of  t im ing  s t u d i e s  w i t h i n  a network
F igu re  9 shows th e  b a s i c  network o f  Fig 8 p lu s  obse rved  mean 
t imes  tg  a s s o c i a t e d  w i th  each  a c t i v i t y  w i t h i n  t h e  b a s i c  ne twork .
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C u m u l a t i v e  mean t i m e  a l o n g  e a c h  p a t h  i s  now de te rm ine d  a t  
each  node by add ing  t o g e t h e r  t h e  p r e v i o u s  t i m e  e s t i m a t e s ,  and  t h i s  
c u m u l a t i v e  t im e  Tg; i s  shown d i r e c t l y  a b o v e ,  o r  t o  the  r i g h t  of  the  
e v e n t  c i r c l e s .  I t  w i l l  be no ted  t h a t  the  two r o u t e s  t o  j u n c t i o n  node 5 
g i v e  d i f f e r e n t  c u m u l a t i v e  sums f o r  t h e  two b ra n c h e s ,  b u t  t h a t ,  when 
t h i s  c o n d i t i o n s  a r i s e s ,  we c a r r y  f o r w a r d  t h e  l a r g e r  t o t a l  i n  c a l ­
c u l a t i n g  t h e  e l a p s e d  t i m e  t o  c o m p l e t i o n  o f  t h e  p r o j e c t .  With t h i s  
e s t i m a t e d  mean t i m e  f o r  j o b  c o m p l e t i o n  we c a n  now move b a c k w a r d s  
t h r o u g h  t h e  n e t w o r k ,  s u b t r a c t i n g  f rom e a c h  Tg v a l u e  t h e  o b s e r v e d  
t i m i n g s  t g  w h ich  i m m e d i a t e l y  p rece de  i t ,  and a s s o c i a t i n g  th e  r e s u l t ,  
Tl , w i t h  t h e  p r e v i o u s  n o d e .  C a l c u l a t i o n s  a s s o c i a t e d  w i th  Pig 9 a r e  
t a b u l a t e d  in  Table  5.
I t  w i l l  be n o t e d  i n  T a b l e  5 t h a t  w here  t h e  two b r a n c h e s  
c o n v e r g e  a t  node 2, (P ig  9) t h e  two v a l u e s  o f  o b t a i n e d  by s u b t r ­
a c t i o n  of  the  ex p ec ted  e l a p s e d  t i m e s  f o r  a s s i g n m e n t  o f  l i n k  numbers  
(33.4)  and fo r  a n a l y s i s  (60 ' )  from the  Tj  ^ a t  nodes 3 and 8 r e s p e c t i v e l y  
a r e  n o t  e q u a l ,  and  t h a t  t h e  s m a l l e r  o f  t h e  two T^ v a l u e s  h a s  been 
a c c e p te d .
The d i f f e r e n c e  T^ -  Tg can  now be o b t a i n e d  fo r  each  e v e n t  
node and i s  shown in Column 4 o f  Table 5. Th is  d i f f e r e n c e  i s  c a l l e d  
t h e  ' s l a c k '  o r  ' s l a c k  t i m e '  and i s  a measure o f  the  amount o f  s l i p p a g e  
which can be p e r m i t t e d  f o r  e a c h  a c t i v i t y .  T h a t  i s ,  a c t i v i t i e s  on 
t h a t  b ranch  can be a l low ed  to  s l i p  by the amount o f  s l a c k  i n d i c a t e d  a t  
the  e v e n t  node w i t h o u t  a f f e c t i n g  the  o v e r a l l  t ime t o  c o m p le t i o n  o f  t h e  
ne twork .
TABLE 5
CALCULATIONS ASSOCIATED WITH THE CPA NETWORK OF FIGURE 8,
Node T„ (mins) T (mins) S lack  (T -T ) Cumulat iveE L L E V ar iance
1 0  0 0
2 1 0 . 3  10.3 0 5
3 4 3 . 7  4 3 . 7  0 30
4 7 5 - 3  7 5 , 3  0 65
5 8 0 . 3  8 0 . 3  0 67
6 1 0 6 .3  106 .3  0 94
7 12 4 .8  124 .8  0 H 9
8 7 0 . 3  7 5 . 3  5
9 7 5 . 3  80 .3 5
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The c r i t i c a l  p a t h  has no s l a c k  and,  from the  d a t a  in  Table  5 
i t  i s  c l e a r  t h a t  i n  t h i s  i n s t a n c e  t h e  c r i t i c a l  p a t h  on P ig  9 l i e s  
th rough  nodes  1 t o  7 i n c l u s i v e .
Any s l i p p a g e  a l o n g  t h e  c r i t i c a l  p a t h  w i l l  c l e a r l y  be 
r e f l e c t e d  in  an i n c r e a s e d  t ime to  com ple t ion  o f  the  ne twork .  T h e r e  i s  
however,  a  s m a l l  s l a c k  o f  f i v e  minutes  on the  a n a l y t i c a l  branch  (Nodes 
2 , 8 ,9 )  im ply ing  t h a t  t h i s  s e c t i o n  can take  up to  f i v e  m inu tes  longe r  to  
com ple te  w i t h o u t  a f f e c t i n g  th e  t o t a l  p r o j e c t  t ime.
1 . 2 , 2 . 3  I n f e r e n c e s  from c r i t i c a l  pa th  networks
Prom e v e n  t h e  s i m p l e  n e t w o r k  exam ple  i n  Pig 9 a number of 
c o n c l u s i o n s  can be drawn. P i r s t l y ,  t h e r e  wou ld  a p p e a r  t o  be l i t t l e  
p o i n t  i n  e x p e d i t i n g  the  a n a l y t i c a l  p ro c e s s e s  s in c e  th e y  a r e  n o t  on the  
c r i t i c a l  p a t h .  However, t h e r e  i s  a l s o  l i t t l e  p o i n t  i n  i m p r o v i n g  t h e  
d a t a  p r e p  o p e r a t i o n s  2 t o  5 i n  i s o l a t i o n .  I n  t h i s  s i t u a t i o n  t h e  
a n a l y t i c a l  p r o c e s s e s  2 , 8 , 9  would  a l m o s t  i m m e d i a t e l y  become r a t e -  
l i m i t i n g ,  s i n c e ,  a s  soon a s  more than the  f i v e  minute s l a c k  i s  removed 
from th e  s e c t i o n  2 to  5,  a new c r i t i c a l  p a t h  th rough  nodes 2 , 8 , 9  and 5 
w i l l  be c r e a t e d .
T h i r d l y ,  o v e r a l l  p e r f o r m a n c e ,  i n  t h i s  i n s t a n c e ,  i s  more 
l i k e l y  t o  be a f f e c t e d  e i t h e r  by the  purchase  o f  a f a s t e r  l i n e  p r i n t e r  
( a f f e c t s  a c t i v i t i e s  5 to  6 and 6 to  7 -  bo th  on the  c r i t i c a l  pa th )  or 
by improving  the  speed  o f  check ing  the summary l i s t  (Step  5 to  6) .
The s y s t e m  o u t l i n e d  above  u s e s  t im e  a s  t h e  f u n d a m e n t a l  
d im ens ion  o f  th e  m a n a g e r ' s  o b j e c t i v e s .  I t  i s  unde r s to o d  h o w ev e r ,  t h a t  
no two d a y s  w i l l  be the  same,  and even i n d i v i d u a l  b a t c h e s  w i l l  va ry  in 
t h e i r  c o m p le t io n  t im es  depending on a v a i l a b i l i t y  o f  sam ples ,  i n s t ru m e n t  
m a l f u n c t i o n s ,  an d  o t h e r  f a c t o r s .  I t  would be u s e f u l ,  t h e n ,  to  have
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some i d e a ,  b a s e d  on a number o f  t i m i n g s ,  o f  t h e  s p r e a d  o f  ne twork  
com ple t ion  t i m e s ,  and  t h i s  i s  w here  t h e  v a r i a n c e  e s t i m a t e s  c an  be 
u s e d .  The v a r i a n c e  o f  e a c h  a c t i v i t y  was c a l c u l a t e d  from th e  b a s i c  
t iming  s t u d i e s  by formula 2a o f  s e c t i o n  1 . 2 . 2 , 1 .  As p r e v i o u s l y  s t a t e d ,  
v a r i a n c e s  a r e  a d d i t i v e  and  t h e  d a t a  f rom T a b l e  5 shows t h a t  t h e  
cum ula t ive  v a r i a n c e  along  th e  c r i t i c a l  p a t h  i s  119 min^.
The s t a n d a r d  d e v i a t i o n  (S.D.) i s  taken  a s  th e  s q u a r e  r o o t  o f  
the  v a r i a n c e ,  and c o n f id e n c e  i n t e r v a l s  based  on the  h y p o th e s i s  t h a t  the  
d i s t r i b u t i o n  o f  the  com ple t ion  t im es  w i l l  be Gaussian  can  be c a l c u l a t e d  
i n  t h e  u s u a l  manner (S n e d e c o r  1956) r e s u l t i n g  in  a 95% p r o b a b i l i t y  
t h a t  th e  r e p o r t i n g  p r o c e s s e s  w i l l  be c o m p l e t e d  b e t w e e n  103 and  146 
minu tes  a f t e r  the  s t a r t  t ime (mean 2 S . D . s ) .
The e x a m p le  i n  F i g u r e  9 h a s  i l l u s t r a t e d  an  a t t e m p t  t o  
i d e n t i f y  w here  t h e  c r i t i c a l  p a t h  l a y  and to  i d e n t i f y  a r e a s  where 
improvements were most l i k e l y  t o  be e f f e c t i v e .  C r i t i c a l  p a t h  a n a l y s i s  
can  a l s o  a s s i s t  i n  t h a t ,  h a v i n g  i d e n t i f i e d  s u b s t a n t i a l  s l a c k  in  the  
sys tem,  i t  might  be p o s s i b l e  t o  s h i f t  r e s o u r c e s  f rom  t h e  a r e a s  w i t h  
m os t  s l a c k  t o  t h e  c r i t i c a l  p a t h .  As an e x a m p l e ,  s u p p o s e  im p ro v e d  
a n a l y t i c a l  a u t o m a t i o n  a l l o w e d  a new e l e c t r o l y t e  a n a l y s e r  t o  be 
i n s t a l l e d  which o p e r a t e d  a t  double  the  th ro u g h p u t  r a t e  o f  the e x i s t i n g  
i n s t r u m e n t  th us  r e d u c in g  the  a c t i v i t y  " a n a ly s e  samples" (nodes 2 and 8) 
f rom t h e  60 minu tes  of  Fig 9 to  a new low of  30 m inu tes  and a v a r i a n c e  
o f  10. C l e a r l y  t h e  c r i t i c a l  p a t h  h a s  n o t  a l t e r e d  s i n c e  t h i s  new 
e f f o r t  would have been expended on a n o n - c r i t i c a l  b ran ch .  The s l a c k  in  
t h i s  b ranch ,  however, would now i n c r e a s e  from the  p r e v i o u s  5 m inu tes  to  
35 m i n u t e s .  Thus i t  m i g h t  be p o s s i b l e  t o  a l l o c a t e  p a r t  o f  the  d a t a
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p r e p a r a t i o n  t a s k s  o f  a s s i g n i n g  i d e n t i f i c a t i o n  num bers  o r  d a t a  
p r e p a r a t i o n  i t s e l f  t o  s t a f f  seconded from a n a l y s i s  and to  e x p e d i t e  t h e  
p r o d u c t i o n  o f  r e p o r t s  by d i r e c t  e f f e c t  on the  c r i t i c a l  p a t h .
1 , 2 . 2 , 4  Summary o f  use o f  c r i t i c a l  pa th  methods
C r i t i c a l  p a t h  m e th o d s  a l low th e  e f f e c t s  o f  p r o j e c t e d  a l t e r ­
a t i o n s  i n  work f low t o  be examined and t h e i r  consequences  p r e d i c t e d  and 
p r o v i d e  a t o o l  f o r  b e t t e r  r e s o u r c e  a l l o c a t i o n  t o  t h e  t i m e - c r i t i c a l  
a r e a s  o f  l a b o r a t o r y  o r g a n i s a t i o n .  I t  should  a l s o  be n o te d  t h a t  b e t t e r  
c o n t r o l  o v e r  a n e t w o r k  may r e d u c e  t h e  v a r i a n c e  e s t i m a t e s  along the  
c r i t i c a l  p a t h .  The e f f e c t  o f  t h i s  i s  t o  l e a v e  t h e  e x p e c t e d  p r o j e c t  
c o m p l e t i o n  t i m e  u n c h a n g e d ,  b u t  t o  r e d u c e  t h e  r i s k  o f  d e v i a t i n g  
s u b s t a n t i a l l y  from the  t a r g e t  t im e .
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1 . 2 . 3 .  A ssessment o f  th e  e f f e c t s  of  au tomat ion  on th e  q u a l i t y
o f  r e s u l t s
The e f f e c t s  o f  i n t r o d u c i n g  a u t o m a t i o n  a r e  n o t  p u r e l y  
r e s t r i c t e d  t o  s h o r t e n i n g  th e  t ime n e c e s s a ry  f o r  a n a l y s i s .  A u t o m a t io n  
w i l l  a f f e c t  t h e  q u a l i t y  o f  r e s u l t s  in  terms o f  p r e c i s i o n  and acc u racy  
and i t  i s  th e  purpose  o f  t h i s  s e c t i o n  to  i d e n t i f y  the  methods a v a i l a b l e  
t o  e v a l u a t e  t h e s e  e f f e c t s .
The q u e s t i o n  o f  w ha t  c o n s t i t u t e s  a c c e p t a b l e  p r e c i s i o n  has 
o f t e n  been r a i s e d  among c l i n i c a l  c h e m is t s .  In g e n e r a l ,  i t  i s  a s sum ed  
t h a t  v a l u e s  w i t h i n  c e r t a i n  l i m i t s  a re  p robab ly  normal ( the r e f e r e n c e  
range)  w h i le  t h o s e  o u t s i d e  t h e  l i m i t s  p r o b a b l y  i n d i c a t e  i l l n e s s .  
While the  l e v e l  a t  which the  t r a n s i t i o n  t a k e s  p l a c e  can be a d j u s t e d  to  
im p ro v e  t h e  p r e d i c t i v e  v a l u e  o f  a t e s t  (G a len  and  Gambino 1975; 
V e c c h i o ,  1966) and w h i l e  i t  i s  w e l l  documented t h a t  a l a r g e  number o f  
n o n - d i s e a s e  r e a s o n s  s u c h  a s  a g e ,  g e n d e r ,  d i e t ,  d r u g s ,  u s e  o f  
t o u r n i q u e t s ,  g e n e t i c  f a c t o r s  and  d i u r n a l  and  c i r c a d i a n  rhythms can 
c o n t r i b u t e  g r e a t l y  t o  p h y s i o l o g i c a l  v a r i a t i o n  ( H a r r i s ,  1974;  S t a t l a n d  
e t  a l ,  1973, 1974; Pickup  e t  a l ,  1977; McPherson e t  a l ,  1978; Morr ison  
e t  a l ,  1979; H a r r i s  and Brown, 1979),  poor a n a l y t i c a l  p r e c i s i o n  w i l l  
a l s o  c o n t r i b u t e  c o n s i d e r a b l y  to  the  p r o b a b i l i t y  o f  m i s - c l a s s i f y i n g  an 
i n d i v i d u a l  s i n c e  t h e  d i s t r i b u t i o n  o f  r e s u l t s  i s  a f u n c t i o n  o f  b o t h  
a n a l y t i c a l  and p h y s i o l o g i c a l  v a r i a b i l i t y .
Tonks  (1963)  p r o p o s e d  t h e  r u l e  t h a t  t h e  e r r o r  s h o u l d  be 
s m a l l e r  t h a n  one q u a r t e r  o f  t h e  p h y s i o l o g i c a l  r e f e r e n c e  range  and 
Ackland and L ip ton  (1971) t a b u l a t e d  the p r o b a b i l i t y  t h a t  a s a m p le  f rom 
a ' n o r m a l '  s u b j e c t  would  be c l a s s i f i e d  a b n o r m a l  due  t o  a n a l y t i c a l
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e r r o r .  T h a t  one  c o u l d  a c h i e v e  a r e d u c t i o n  in  m i s c l a s s i f i c a t i o n  o f  
s u b j e c t s  th ro u g h  th e  improvement o f  a n a l y t i c a l  p r e c i s i o n  was d e s c r i b e d  
by M a s s a r t  e t  a l  (1978),
I f  t h e  e f f e c t  o f  im p r o v in g  p r e c i s i o n  a r e  t o  the  p a t i e n t ' s  
b e n e f i t  how then  can  p r e c i s i o n  be moni to red ,  and w h a t  e v i d e n c e  e x i s t s  
t o  d e m o n s t r a t e  i m p r o v e m e n t s  i n  p r e c i s i o n  due to  the  i n t r o d u c t i o n  of  
a u to m a t io n ?
P r e c i s i o n  has been d e f in e d  as  " th e  concordance  o f  a s e r i e s  of  
measurements  o f  the  same q u a n t i t y "  and methods of  m e a s u r i n g  p r e c i s i o n  
n o rm a l ly  in v o lv e  th e  c a l c u l a t i o n  o f  the v a r i a n c e  and s t a n d a r d  d e v i a t i o n  
o f  a g r o u p  o f  a n a l y t i c a l  r e s u l t s  o b t a i n e d  f rom s a m p l i n g  t h e  same 
m a t e r i a l  a number o f  t i m e s  (V oge l ,  1 9 6 1 ) .  A number o f  p u b l i c a t i o n s  
have examined th e  e v a l u a t i o n  o f  the  p r e c i s i o n  o f  au tomated  i n s t r u m e n t s  
( B r o u g h t o n  e t  a l ,  1969 and 1974,  NCCLS, 1975; McLelland e t  a l  1978) 
w i th  t h e  r e c o g n i t i o n  t h a t  a s s e s sm e n t  o f  p r e c i s i o n  and  a c c u r a c y  i s  t h e  
m os t  i m p o r t a n t  p a r t  o f  an e v a l u a t i o n  (Broughton e t  a l ,  1974) and t h a t  
the  p r e c i s i o n  e s t i m a t e s  shou ld  n o t  be b a s e d  on a n a l y s i n g  a number o f  
s u c c e s s i v e  i d e n t i c a l  s p e c i m e n s ,  b u t  m u s t  i n c o r p o r a t e  th e  e f f e c t  o f  
d r i f t  and c a r r y o v e r .
A c c u r a c y  has  b e e n  d e f i n e d  a s  t h e  ' c o n c o r d a n c e  be tween  a 
d e t e r m i n a t i o n  and i t s  t r u e  o r  most p robab ly  va lue  (Vogel ,  1961) and has 
b e e n  r e c o g n i s e d  a s  ' p r o b a b ly  the  l e a s t  a c c e s s i b l e  o f  the  c r i t e r i a  by 
which equipment can be judged* (Broughton e t  a l ,  1974) . In  p r a c t i c e ,  
i n s t r u m e n t  e v a l u a t o r s  conce rn  themselves  w i th  a comparison  between the  
r e s u l t s  o b t a i n e d  from the  i n s t r u m e n t  and the  v a lu e  e i t h e r  a s s i g n e d  t o  
t h e  m a t e r i a l  u n d e r  t e s t  o r  e s t a b l i s h e d  over  a p e r i o d  on a comparable 
a n a l y s e r ,  Whi tehead and Woodford  (1981) found  t h a t  t h e  c o m p a r i s o n
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b e t w e e n  t h i s  consensus  v a l u e ,  t h a t  i s  the  mean v a lu e  o f  a l l  r e s u l t s  
f o r  a p a r t i c u l a r  a n a l y t e  and method in  f a c t  showed a s u r p r i s i n g l y  c l o s e  
r e l a t i o n s h i p  t o  t h e  d e f i n i t i v e  v a l u e s  a s s ig n e d  by the  b e s t  a v a i l a b l e  
r e f e r e n c e  method.
T h e r e  have  b e e n  a number o f  a t t e m p t s  t o  a s s e s s  t h e  p e r ­
f o r m a n c e  o f  l a b o r a t o r i e s  b a s e d  p r i m a r i l y  on t h e i r  p e r f o r m a n c e  i n  
e x t e r n a l  q u a l i t y  a s se s sm en t  schemes and us ing  per formance  i n d i c e s  l i k e  
V ar iance  Index (VI) and  Running  O v e r a l l  Mean V a r i a n c e  I n d e x  S c o r e  
(ROMVIS) d e s ig n e d  to  t e s t  th e  accuracy  of  a n a l y s i s  by the  e x t e n t  o f  i t s  
b i a s  from the  concensus  mean f o r  a l l  p a r t i c i p a t i n g  UK l a b o r a t o r i e s  
u s ing  th e  same method (Whitehead e t  a l ,  1973; Whitehead,  1977).
One o f  the  most a u t h o r i t a t i v e  s t u d i e s  o f  f a c t o r s  i n f l u e n c i n g  
q u a l i t y  o f  r e s u l t  was the  r e p o r t  o f  a j o i n t  working p a r t y  nominated by 
t h e  R o y a l  C o l l e g e  o f  P a t h o l o g i s t s ,  t h e  A s s o c i a t i o n  o f  C l i n i c a l  
B i o c h e m i s t s  and  t h e  I n s t i t u t e  o f  M e d ic a l  L a b o r a t o r y  S c i e n c e s ,  and 
sponsored  by the  N u f f i e l d  P r o v i n c i a l  H o s p i t a l  T r u s t  ( N u f f i e l d ,  1 980) 
w h ic h  i n v e s t i g a t e d  b o t h  a c c u r a c y  and  p r e c i s i o n  t h r o u g h  t h e  use  of  
r e t u r n s  from the  UK N a t i o n a l  E x t e rn a l  Q u a l i t y  Assessment Schemes.
The r e p o r t  c o n c l u d e d  t h a t  t h e r e  was a s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n  between performance  and a number o f  f a c t o r s  a s s o c i a t e d  w i th  
l a b o r a t o r y  s i z e  i n c l u d i n g  w o rk lo a d ,  number o f  r e q u e s t s  per  annum and 
c a p i t a l  c o s t  o f  equipment.  I t  i s  a l s o  n o t e d  t h a t  t h o s e  l a b o r a t o r i e s  
among the  p o o r e s t  33% in  the  scheme d id  twice as  many methods by manual 
means than d id  the  b e s t  t h i r d  of  l a b o r a t o r i e s ,  implying t h a t  p r e c i s i o n  
o f  m a n u a l  m e th o d s  i s  p o o r e r  t h a n  t h a t  o f  au tomated  ones .  Th is  i s  in 
keeping w i th  the  r e p o r t  o f  t h e  ACB a n a l y t i c a l  m e th o d s  w o rk in g  p a r t y  
(1979)  w h ich  showed t h a t  a u t o m a t e d  m u l t i c h a n n e l  m e th o d s  gave,  much
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b e t t e r  mean p r e c i s i o n  f i g u r e s  than  d id  manual me thods .  Other  ev idence  
a l s o  s u g g e s t s  t h a t  w hi le  m a n u a l  a n a l y s i s  may be more p r e c i s e  t h a n  
a u t o m a t e d  a n a l y s i s  when p e r f o r m e d  by a s k i l l e d  a n a l y s t  w i t h  a low 
work load ,  p r e c i s i o n  d e t e r i o r a t e s ,  p r i m a r i l y  due  t o  o p e r a t o r  t e d iu m  
( R o b in s o n ,  1 9 6 7 ) .  The a u t o m a t e d  a n a l y s e r  i n  c o n t r a s t  c o n t i n u e s  to  
per fo rm u n i fo rm ly  th ro u g h o u t  th e  day.
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1.3 D iscu ss io n
T h i s  i n t r o d u c t i o n  h a s  b r i e f l y  o u t l i n e d  t h e  i m p a c t  w h ich  
a u t o m a t i o n  h a s  made and  w i l l  c o n t i n u e  t o  make,  i n  C l i n i c a l  
B i o c h e m i s t r y .  A u t o m a t io n  h a s  a l l o w e d  l a b o r a t o r i e s  t o  cope  w i t h  
e x p o n e n t i a l l y - i n c r e a s i n g  workloads ,  t o  improve acc u racy  and p r e c i s i o n  of  
r e s u l t s  and  to  c o n t a i n  c o s t s  to  some e x t e n t .  Automation o f  a n a l y t i c a l  
equipment has  a l s o  e n a b l e d  a n a l y s e s  t o  be p e r f o r m e d  f a s t e r ,  b u t  i n  
o rd e r  t o  s h o r t e n  the  tu rn round  t imes  of  the e n t i r e  system from specimen 
w i thd raw a l  t o  r e p o r t  d e l i v e r y ,  i t  i s  n e c e ss a ry  to  i d e n t i f y  t h e  l o g i c a l  
s e q u e n c e  o f  e v e n t s ,  b o th  w i t h i n  and o u t s i d e  the  l a b o r a t o r y  and examine 
the  r a t e - l i m i t i n g  s t e p s  in  the  c y c l e .  C r i t i c a l  p a t h  a n a l y s i s  h a s  been  
s u g g e s t e d  a s  a u s e f u l  t o o l  w h ic h  w i l l  p e r m i t  t h e  s tu d y  o f  workflow 
w i t h i n  t h e  l a b o r a t o r y  and  b o t h  p r e d i c t  and  m e a s u r e  t h e  e f f e c t s  o f  
r e s o u r c e  r e a l l o c a t i o n  or  new re s o u rc e  deployment w i t h i n  the  network.
C h a p t e r s  2 and  3 o f  t h i s  t h e s i s  w i l l  ex a m in e  a number o f  
a p p r o a c h e s  to  au tom at ion  of  the  a n a l y t i c a l  and c l e r i c a l  a s p e c t s  o f  the  
l a b o r a t o r y ,  and w i l l  u s e  c r i t i c a l  p a t h  a n a l y s i s  t o  ex am in e  t h e  
e f f e c t i v e n e s s  o f  t h e s e  d e v e l o p m e n t s ,  i n s o f a r  a s  they he lp  to  reduce 
tu rn ro u n d  t im e .
A d d i t i o n a l  e f f e c t s  o f  au tomat ion  on q u a l i t y  o f  r e s u l t s  w i l l  
a l s o  be c o n s i d e r e d .
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2 .  AUTOMATION OF ANALYTICAL AND RECEPTION PROCESSES WITHIN THE
LABORATORY
T h i s  c h a p t e r  w i l l  c o n s i d e r  a p p l i c a t i o n  of  au tom at ion  to  th e  
a n a l y t i c a l  and r e q u e s t i n g  a s p e c t s  o f  l a b o r a t o r y  o r g a n i s a t i o n .  While i t  
h as  been  shown e a r l i e r  t h a t  i t  i s  n o t  s a t i s f a c t o r y  to  c o n s id e r  the  
e f f e c t s  o f  a n a l y t i c a l  au tom at ion  in  i s o l a t i o n  from the  o t h e r  l a b o r a t o r y  
p r o c e d u r e s ,  t h e  g e n e r a t i o n  o f  a r e s u l t  or  a number o f  r e s u l t s  from a 
s a m p le  fo rm s  a n a t u r a l  b r e a k - p o i n t  i n  t h e  d i s c u s s i o n  i n  t h a t  t h e  
p r o c e d u r e s  up to  t h a t  p o i n t  a r e  in  the  main a n a l y t i c a l  and th o s e  which 
fo l lo w  a r e  m a n a g e r ia l  and c l e r i c a l  (Rappapor t ,  1969).
2 .1 .  C r i t i c a l  P a th  A n a ly s i s  up to  and in c lu d i n g  r e s u l t s
B e f o r e  comment c a n  be made on t h e  e f f e c t i v e n e s s  o f  i n t r o ­
d u c t i o n  o f  au tom at ion  in  t h i s  a r e a ,  i t  i s  n e c e s s a r y  t o  e s t a b l i s h  t h e  
t i m e  t a k e n  t o  c o m p l e t e  each  o f  th e  o p e r a t i o n s  in  th e  upper s e c t i o n  of  
F igu re  7.
2 .1 .1  M a t e r i a l s  and Methods
In  1976,  e a c h  o f  t h e  major a c t i v i t i e s  invo lved  in  a n a l y s i n g  
the  g roup  o f  f o u r  enzym es  AsT, AIT,  LDH and  CK, w h ich  c o m p r i s e  t h e  
' C a r d i a c  e n z y m e ’ p r o f i l e  i n  t h e  a u t h o r ' s  l a b o r a t o r y  were i d e n t i f i e d ,  
and t h e i r  d u r a t i o n  measured on a number o f  s e p a r a t e  o c c a s i o n s .  The 
p r o f i l e  a t  t h a t  t i m e  was p e r f o r m e d  on 3 LKB 8600 r e a c t i o n  r a t e  
a n a l y s e r s  (P la t e  I I I )  w i th  one a n a l y s e r  measur ing  bo th  LDH and CK.
The o p e r a t i o n  and  l i m i t a t i o n s  o f  t h e s e  i n s t r u m e n t s  a r e  
d i s c u s s e d  in  S e c t io n  2 . 4 . 2 , 2
For t h e  p u r p o s e s  o f  c a l c u l a t i n g  e l a p s e d  t i m e s ,  i t  i s  assumed 
t h a t  t h e  s e q u e n c e  LDH f i r s t ,  t h e n  CK was a d h e r e d  t o ,  a l t h o u g h  in  
p r a c t i c e  t h e r e  were days  when the  runn ing  o rd e r  was r e v e r s e d .
PLATE I I I  LKB 8600 Reac tion  Rate a n a l y s e r
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F u r t h e r ,  a l l  e l a p s e d  t i m e  e s t i m a t e s  hav e  u s e d  ' w o r k i n g
h o u r s ' ,  t h a t  i s ,  l a b o r a t o r y  a c t i v i t i e s  a r e  e x p e c t e d  t o  c e a s e  a t  1700
h r s  and re sum e  a t  0900 h r s  t h e  f o l l o w i n g  morning w i t h o u t  the  i n t e r ­
vening s i x t e e n  hours  be ing  c o n s id e r e d .
A l l  N e tw ork  A n a l y s i s  d a t a  was p ro c e s s e d  on a DEC PDP 11/44 
computer  us ing  a v a r i a n t  o f  the  BASIC program 'Network '  w r i t t e n  by the 
au th o r  and l i s t e d  in  Table  6.
2 . 1 . 2  R e s u l t s
F i g u r e  10 r e p r e s e n t s  a n e t w o r k  d i a g r a m  o f  t h e  a c t i v i t y  
sequence  o u t l i n e d  i n  2 , 1 . 1 ,  and T a b l e  7 c o n t a i n s  t h e  t i m e s  f o r  24 
sam ples ,  a t  the  major e v e n t  nodes in  F igure  10.
Table 8 shows the  c a l c u l a t i o n s  d e r i v e d  f rom  t ï \ e  ' N e t w o r k '
program us ing  the  d a t a  from Table  7, and f i g u r e  11 shows the  e f f e c t  o f
r e p l a c i n g  some o f  t h e  a c t i v i t y  names o f  F i g u r e  10 by t h e i r  e l a p s e d  
t im es  from Table 7, and removing i n t e r m e d i a t e  s t e p s  o f  s h o r t  d u r a t i o n .
Some sm al l  d i f f e r e n c e s  i n  the  use o f  c r i t i c a l  p a t h  a n a l y s i s  
f o r  p r o j e c t  p l a n n i n g  and f o r  l a b o r a t o r y  o r g a n i s a t i o n a l  s t u d i e s  a r i s e  
from Table 7. These a r e  due t o  the  n e c e s s i t y  to  super im pose  a sequence 
o f  e v e n t s  on o p e r a t i o n s  w h ic h  occur a t  an a b s o l u t e  t ime o f  day .  For 
example ,  the  specimens  f o r  s u b j e c t s  6 and 7 in  T a b l e  7 ,  h a v i n g  m i s s e d  
the  mid-morning c o l l e c t i o n s  from the  wards,  o s t e n s i b l y  s p e n t  3 hours  in  
t r a n s i t  between ward and l a b o r a t o r y .  Th is  i s  r e f l e c t e d  in  a ve ry  l a r g e  
v a r i a n c e  e s t i m a t e  f o r  s t e p s  1 t o  2 i n  F i g u r e  10,  i d e n t i f y i n g  con­
s i d e r a b l e  v a r i a t i o n  i n  e l a p s e d  t i m e  b e t w e e n  t h e  w i t h d r a w a l  o f  a 
s p e c i m e n  and  i t s  d e l i v e r y  t o  th e  c e n t r a l  c o l l e c t i o n  p o i n t .  Again,  a 
number o f  a c t i v i t i e s  had v a r i a b l e  w a i t i n g  t imes  p r i o r  t o  commencement.
a. L. 4-> 
o o  CO •!—
o o>LO cd n) m
LO
cn
b
I
£T
fO>1
oor
o
CD
ro
c5
o>
H-O
&_Q.
E
S
UfO
- O
S -fO
u
H -
o
</)
fO
cfO
S -
< £
ra
c .OlfO
o
c .
o
3:
+ ->ÛJ
u
( / )fO
CO
wDiZ3c_o
Ll_
CO03 C 3CO
QJ4~>
G 3 Z Î
A
03LD
CO
cnr-v LO
II
COCO
00 ŒI
II
OJ
CM
C O
CM
QJ-M
LO
CO
b
©
CO
II
b
CM
K
o n
CF3
Q J
m
c r J O
f t 3 ftS
1—
<23
e
o
c # - S -
O  * 4 -£ w
O . t d
+ J
0 3 fO
E  O
> 3
r s 3
£ 0 C D
<23
o C D
r s 3
L u
■ a
S - CO
f d
o
- a
j c r Q J
-K -3 L
Q J
3 :  _ a
E
3
C D C
+ - 3
t o
Q J
u - a
o o
c m zun
r o
C O
S - C T i
o
34 _ s > >
013 %-
c : f d
E
< c S -
e x .
C_3> 4 _
szC ^ _  t - H
o
> &  f O
0 3 > >O S oDC
C /f3
s
C D o
£0 C D
ID
f d
1—  C D
az=s
C 3
LO'^I COC O
TABLE 6
LISTING OF BASIC PROGRAM 'NETWORK'
1 0 0  P R I N T  ‘ C R I T I C A L  PATH ANALYSIS -- ACTIVITY T I M I N G S '
1 1 0  DIM * 2 , X ( 5 0 0 , 2 0 )  \  OPEN ' D P I Î N E T F I L *  AS F I L E  * 2
11 1  PRINT  ‘ INPUT NO OF COLUMNS \  INPUT # 0 Î C
1 1 2  PRINT ‘ INPUT NO OF ROWS ‘ Î \  INPUT * 0 : R
1 1 3  READ Z
1 1 5  PR IN T \  P R I N T . ‘ BO YOU WISH TO ENTER DATA ( Y / N )  \  INPUT A$
1 1 6  I F  A $ 0 ‘ Y ‘ THEN I F  A $ 0 ‘ N '  THEN 1 1 5
1 1 7  I F  A $ = ‘ Y ‘ THEN GOSUB 2 0 0 0
1 1 8  GOSUB 8 0 0
1 2 4  FOR J = 1  TO Z
1 2 5  READ J 1 , J 2
1 2 7  S 1 = 0  \  S 2 = 0  \  S 3 = 0  
1 3 0  FOR 1=1  TO R
1 4 0  K = X ( I , J 1 )  \  GOSUB 1 0 0 0  \  X1=K
1 4 5  K = X ( I , J 2 )  \  GOSUB 1 0 0 0  \  Y1=K
1 5 0  I F  X l O O  THEN I F  Y l O O  THEN 1 6 0
1 5 5  GO TO 1 9 0
1 6 0  I F  Y K X l  THEN Yl  = Y l + 4 8 0  
1 7 0  D=Y1-X1
I S O  S 1 = S 1 + 1  \  S 2 = S 2 + D  \  S 3 = S 3 + D " 2  
1 9 0  NEXT I
2 0 0  P RI N T  TAB( 2 0 ) ?  \  PRINT  ‘ CPA RESULTS FOR COL ' ? J 2 ? ‘ MINUS COL’ r J l  
2 1 0  P RI NT  T A B ( 2 0 ) Î  \  PRINT ‘ NO OF NON-ZERO TIMINGS = ‘ ?S1 
2 2 0  M = S 2 / S 1  \  V = ( S 3 - S 1 * M " 2 ) / ( S 1 - 1 )  \  S= S O R ( V )
2 3 0  PR IN T T A B ( 2 0 ) ?  \  PRINT ‘ MEAN ELAPSED TIME FOR A C T IV IT Y  = ‘ ? M ? ‘ MI NUTES '
2 4 0  PR IN T T A B ( 2 0 ) ?  \  PRINT 'VARIANCE ESTIMATE = ' ? V ? ' S O ,  M I N '
2 5 0  PRINT  T A B ( 2 0 ) ?  \  PRINT  '   ■
2 6 0  NEXT J  
2 7 0  STOP
5 0 0  REM P A I R S  OF COL NOS TO BE COMPARED
5 0 5  REM T H IS  I S  THE NO OF DATA P A I R S  \  DATA 9
5 1 0  DATA 1 , 2 , 2 , 3 , 3 , 4 , 4 , 5 , 5 , 6 , 5 , 7 , 5 , 8 , 8 , 9 , 1 , 9
8 0 0  REM P R I N T  TABLE OF DATA
8 1 0  FOR 1=1  TO R
8 1 5  PRINT  USING ‘ I ?
8 2 0  FOR J = 1  TO C - 1
8 2 5  PR IN T USING '  X ( I , J ) ?
8 3 0  NEXT J
8 4 0  PRINT  USING ‘ # * * * ‘ , X ( I , C )
8 5 0  NEXT I
8 5 5  P RI NT \  P RI N T  \  PRINT 
8 6 0  RETURN
1 0 0 0  REM CONVERT TIME TO ELAPSED MINUTE COUNT -  M=MINS,  H=HRS
1 0 1 0  H = I N T ( K / 1 0 0 )  \  M = K / 1 0 0 - I N T ( K / 1 0 0 )  \  M=M*100 \  K=MT60*H \  RETURN
1 9 9 9  STOP
2 0 0 0  FOR 1=1 TO R \  FOR J = 1  TO C \  P RI NT  I ? J ?  \  INPUT X < I , J )  \  NEXT J  \  NEXT 
2 0 1 0  RETURN
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TABLE 8
CARDIAC ENZYME NETWORK RESULTS 
USING DATA FROM TABLE 7
CPA RESULTS FOR COL 2  MINUS COL 1 
NO OF NON-ZERO TIMINGS = 2.1
MEAN ELAPSED TIME FOR ACTIVITY = 5 0 , 0 4 7 6  MINUTES 
VARIANCE ESTIMATE = 1 6 7 5 , 6 5  SO,  MIN
CPA RESULTS FOR COL 3 MINUS COL 2 
NO OF NON-ZERO TIMINGS = 21
MEAN ELAPSED TIME FOR ACT IVIT Y = 4 6  MINUTES 
VARIANCE ESTIMATE = 1 4 0 , 8 9 9  SQ,  MIN
CPA RESULTS FOR COL 4 MINUS COL 3 
NO OF NON-ZERO TIMINGS = 24
MEAN ELAPSED TIME FOR ACT IVIT Y = 2 0 . 0 8 3 3  MINUTES
VARIANCE ESTIMATE = 3 4 . 6 8 8 4  SO .  MIN
CPA RESULTS FOR COL 5 MINUS COL 4 
NO OF NON-ZERO TIMINGS = 2 4
MEAN ELAPSED TIME FOR ACT IVITY = 2 1 , 0 4 1 7  MINUTES
VARIANCE ESTIMATE = 3 4 3 . 4 3 3  SO ,  MIN
CPA RESULTS FOR COL 6  MINUS COL 5  
NO OF NON-ZERO TIMINGS = 24
MEAN ELAPSED TIME FOR ACTIVITY « 5 0 , 2 9 1 7  MINUTES 
VARIANCE ESTIMATE = 8 5 6 , 7 3 7  SQ ,  MIN
CPA RESULTS FOR COL 7 MINUS COL 5  
NO OF NON-ZERO TIMINGS = 2 4
MEAN ELAPSED TIME FOR ACTI VITY  = 5 3 , 4 1 6 7  MINUTES
VARIANCE ESTIMATE = 7 9 6 , 1 6 8  SO,  MIN
----------------------------------------------
CPA RESULTS FOR COL 8 MINUS COL 5 
NO OF NON-ZERO TIMINGS = 2 4
MEAN ELAPSED TIME FOR ACTIVITY « 9 1 , 5  MINUTES
VARIANCE ESTIMATE = 2 2 1 3 , 7 4  SQ ,  MIN
CPA RESULTS FOR COL 9 MINUS COL 8 
NO OF NON-ZERO TIMINGS == 2 4
MEAN ELAPSED TIME FOR ACT IVITY = 3 3 , 0 8 3 3  MINUTES 
VARIANCE ESTIMATE = 5 9 , 8 1 8 9  S O .  MIN
CPA RESULTS FOR COL 9 MINUS COL 1 
NO OF NON-ZERO TIMINGS = 2 4
MEAN ELAPSED TIME FOR ACT IVIT Y = 2 5 7 , 9 5 8  MINUTES 
VARIANCE ESTIMATE = 4 6 9 9 , 0 9  S Q .  MIN
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p r i n c i p a l l y  a t  n o d e s  2,  3,  11 and 15 o f  F i g u r e  10.  T h e s e  a r e  n o t
t r e a t e d  s e p a r a t e l y ,  b u t  a r e  r e f l e c t e d  i n  e x t e n d e d  t ^ s  fo r  th e  main 
s e c t i o n s  o f  the  network  p o r t r a y e d  in  F igure  11.
I t  c a n  be c o n c l u d e d  f rom F i g u r e  11 t h a t  o f  a t o t a l  e l a p s e d  
t ime o f  over  4 hours  f o r  a n a l y s i s  o f  any c a r d i a c  enzyme p r o f i l e ,  around 
90 m i n u t e s  were  s p e n t  i n  b r i n g i n g  t h e  s am p le  t o  t h e  l a b o r a t o r y ;  20 
m in u te s  in  sample p r e p a r a t i o n ,  and the remain ing  two t o  two and a h a l f  
hours  ir> bench l e v e l  a n a l y t i c a l  and c l e r i c a l  a c t i v i t i e s .
2 . 1 . 3  D is cu s s io n
The f i n d i n g s  i n  S e c t i o n  2 . 1 .2  p ro v id e d  g e n e r a l  s u p p o r t  fo r  
the  argument t h a t  tu rn ro u n d  t ime i s  hampered by t h e  r e m o t e n e s s  o f  t h e  
l a b o r a t o r y  f rom t h e  w a r d s ,  and s u g g e s t e d  a l s o  t h a t  the  a n a l y t i c a l  
p ro c e d u re s  r e q u i r e d  t o  be rev iewed.  In  p a r t i c u l a r ,  a s i n g l e ,  m e thod  
o r i e n t e d  a n a l y s e r  u s e d  s e q u e n t i a l l y  f o r  b o t h  t h e  LDH and CK a s s a y s  
c l e a r l y  c o n t r i b u t e d  g r e a t l y  t o  t h e  o v e r a l l  e l a p s e d  t i m e ,  a s  d i d  t h e  
b a t c h in g  o f  c a r d i a c  enzyme samples i n t o  two runs  towards  th e  end o f  the  
morning and o f  the  a f t e r n o o n .  This  i s  r e f l e c t e d  in  the  e x t e n s i v e  and 
e x t r e m e l y  v a r i a b l e  t g  f o r  t h e  s t e p  from having a l i q u o t s  a v a i l a b l e  in
4
r e c e p t i o n  to  com ple t ion  o f  the  p r o f i l e  (nodes 11 t o  19 o f  F i g u r e s  10 
and 11).
F i g u r e  11 a l s o  p r o v i d e s  an i n s t a n c e  o f  t h e  d i f f i c u l t y  of  
s e p a r a t i n g  o u t  a s e c t i o n  o f  the  l a b o r a t o r y  a c t i v i t i e s  f o r  s t u d y  a s  an 
inde penden t  system.  I t  would seem t h a t ,  s i n c e  a l l  t h r e e  a n a l y s e r s  used 
f o r  c a r d i a c  enzyme p r o f i l i n g  a r e  c a p a b l e  o f  r u n n i n g  any  o f  t h e  f o u r  
a n a l y s e s ,  t h e  s l a c k  o b s e r v a b l e  a t  n o d e s  16 and 17 t h a t  i s ,  a t  the  
com ple t ion  o f  the  AsT and A l t  a s say s  could  be u t i l i s e d  fo r  CK a n a l y s i s ,  
t h u s  s h o r t e n i n g  t h e  o v e r a l l  tu rn ro u n d  t ime .  In p r a c t i c e  t h i s  proved
33.
u n w o r k a b l e  s i n c e  th e s e  a n a l y s e r s  were r e q u i r e d  to  a n a l y s e  samples from 
t h e  L i v e r  F u n c t i o n  T e s t  (LFT) g r o u p  o f  T a b l e  3.  T h i s  d i r e c t l y  
c o n t r i b u t e d  to  the  c o m p a ra t i v e ly  l e ng thy  and v a r i a b l e  a n a l y s i s  t ime f o r  
bo th  AsT and  AIT a s  p a r t  o f  t h e  c a r d i a c  enzyme p r o f i l e ,  s i n c e  t h e  
enzyme samples were grouped to g e t h e r  and assayed  in  a b a t c h ,  s e p a r a t e l y  
from th e  bu lk  workload  o f  AsT and AIT a r i s i n g  from LFT r e q u e s t s .
34.
2.2 I n i t i a l  r e q u e s t i n g  and specimen d e l i v e r y
From t h e  d a t a  i n  T a b l e  7 i t  i s  c l e a r  t h a t  d e l i v e r y  o f  
specimens  to  the  l a b o r a t o r y  i s  a major e lement o f  th e  network  d e p i c t e d  
in  F igu re  10.
F i g u r e  10 i s  b a s e d  on w i t h d r a w a l  o f  a s p e c im e n  f rom  a 
p a t i e n t  as  the  s t a r t i n g  p o i n t  in  the  ne twork .  In p r a c t i c e ,  the  p ro c e s s  
s t a r t s  w i t h  t h e  c l i n i c i a n  f i l l i n g  a r e q u e s t  fo rm  o r  f o rm s  f o r  the  
p a t i e n t ,  u s u a l l y  d u r i n g  t h e  p r e v i o u s  e v e n i n g .  W hi le  t h i s  i s  n o t  
i m p o r t a n t  to  the  t im in g s  of  th e  network,  the  c o n t e n t  o f  the  r e q u e s t ( s )  
and the  manner in  which th e  d a t a  i s  p r e s e n t e d  t o  t h e  l a b o r a t o r y  may 
have  a s i g n i f i c a n t  e f f e c t  on the tu rnround  t ime o f  the  p a t i e n t  r e p o r t ,  
and t h i s  w i l l  be d i s c u s s e d  f u r t h e r  i n  s e c t i o n s  2 . 2 . 2  e t  s e q .  A l s o ,  
w h i l e  i t  i s  l e g i t i m a t e  fo r  the  l a b o r a t o r y  to  c o n s id e r  a n a l y s i s  o f  the  
bulk  workload in  terms o f 'w o rk i n g  h o u r s '  ( S e c t i o n  2 . 1 . 1 )  t h e  s i x t e e n  
hou r  o v e r n i g h t  t im e  d e l a y  can have im p o r ta n t  consequences  fo r  p a t i e n t  
c a r e .  R e p o r t s  f o r  o v e r  one t h i r d  o f  t h e  s u b j e c t s  i n  T a b l e  7 ,  f o r  
example,  e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y  i n c o r p o r a t e  an o v e r n i g h t  d e l a y  
b e f o r e  r e t u r n  o f  r e s u l t s ,  s i n c e  an a n a l y s i s  comple ted  a f t e r  1600 h r s  on 
any day has no g u a ra n t e e  o f  be ing  r e p o r t e d  t h a t  e v e n in g .
Again ,  from F igu re  5, an a p p r e c i a b l e  p r o p o r t i o n  o f  spec imens ,  
p a r t i c u l a r l y  those  from e x t e r n a l  h o s p i t a l s ,  do n o t  r e a c h  the  d epa r tm en t  
u n t i l  a t  l e a s t  1500 h r s  and  a r e  u n l i k e l y  t o  be b o t h  a n a l y s e d  and 
r e p o r t e d  b e fo re  even ing .
This  problem o f  t r a n s p o r t a t i o n  o f  specimen and r e s u l t s  to  and 
from p e r i p h e r a l  h o s p i t a l s ,  c l i n i c s  and h e a l t h  c e n t r e s ,  must be b r i e f l y  
d i s c u s s e d  a t  t h i s  p o i n t .
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2 . 2 . 1 .  Specimen T r a n s p o r t a t i o n
From F i g u r e  11 s p e c im e n  t r a n s p o r t a t i o n  even w i t h i n  a hos­
p i t a l ,  may cause  c o n s i d e r a b l e  d e l a y s .  For an e x t e r n a l  h o s p i t a l  s e r v e d  
by a c e n t r a l i s e d  l a b o r a t o r y  the  s i t u a t i o n  can be much w orse .  Here the  
c o n c e p t  o f  a network  i s  a p p r o p r i a t e  s in c e  the  system i s  governed  by the  
f i x e d  t i m e  and r e l a t i v e l y  f i x e d  d u r a t i o n  a c t i v i t i e s  o f  the  van s e r v in g  
th e  remote u n i t s .  D e t a i l s  o f  such a s e r v i c e  a r e  shown in  Table 9.
A van  s e r v i c e  w i l l  t e n d  t o  be ' t i m e  c r i t i c a l *  in  two a r e a s  
- d e l i v e r y  o f  s p e c i m e n  and  r e t u r n  o f  c o m p l e t e d  r e p o r t .  W h i le  t h i s  
l a t t e r  f a c t o r  w i l l  be d i s c u s s e d  f u r t h e r  in  Chapter  3 i t  i s  e v i d e n t  t h a t  
an e l e c t r o l y t e  specimen may be withdrawn f rom  a p a t i e n t  i n  L i g h t b u r n  
H o s p i t a l  a t  07 30 ,  r e a c h  the  l a b o r a t o r y  a t  1115 and g e n e r a t e  a r e p o r t  
by l u n c h t im e .  From Table  9, t h a t  r e p o r t  w i l l  no t  r e a c h  t h e  h o s p i t a l ,  
f a r  l e s s  th e  i n d i v i d u a l  ward concerned  u n t i l  4 pm t h a t  a f t e r n o o n .
In  g e n e r a l  i t  i s  c l e a r  t h a t  t h e  g r e a t e r  t h e  g e o g r a p h i c  
s e p a r a t i o n  o f  t h e  l a b o r a t o r y  from the p a t i e n t ,  t h e  more p ro longed  the  
t ime  d e l a y  b e f o r e  th e  specimen can be a n a ly s e d .
B io c h e m is t ry  s e r v i c e s  in  the E a s t e rn  D i s t r i c t  o f  Glasgow have 
o c c a s i o n a l l y  been p ro v id e d  l o c a l l y  fo r  Duke S t r e e t  H o s p i t a l  ( 1 9 5 0 - 5 9 ) ,  
B e l v i d e r e  H o s p i t a l  (1960-68) ,  and the Royal M a te rn i ty  H o s p i t a l  b u t  the  
f i r s t  two l a b o r a t o r i e s  were c lo s e d  because i t  was deemed more e co n o m ic  
f o r  t h e  m a in  l a b o r a t o r y  t o  do t h e  w ork ,  a l b e i t  by i n c u r r i n g  a sub­
s t a n t i a l  i n c r e a s e  i n  t u r n r o u n d  t i m e .  A d v o c a t e s  o f  c e n t r a l i s a t i o n  
( W h i t b y ,  1967,  M a r k s ,  1972,  Camm, 1980) have r e c o g n i s e d  t h i s  a s  a 
l i k e l y  consequence  o f  c o n t in u in g  c e n t r a l i s a t i o n  o f  l a b o r a t o r y  s e r v i c e s ,  
b u t  h a v e  been  u n a b l e  t o  s u g g e s t  e f f e c t i v e  m e th o d s  o f  t a c k l i n g  t h i s  
p rob lem  o t h e r  than  by r e t a i n i n g  a c a p a c i t y  fo r  u r g e n t  a n a l y s e s  o n - s i t e .
TABLE 9
GREATER GLASGOW HEALTH BOARD
EASTERN DISTRICT
DISTRICT LABORATORY SPECIMEN VAN COLLECTION SERVICE
Proposed  Timing:
a.m. p.m. C o l l e c t i o n  P o i n t s
09 .10  
09 .25
09 .35  
1 0 . 0 0  
10 .2 0
10.35 
10.50  
11.15 
11 .30  
11.40
A r r , C en t re  f o r  Rheumatic D is e a s e s  
Glasgow Royal  M a t e r n i t y  H o s p i t a l  
Glasgow Royal  I n f i r m a r y  
Duke S t r e e t  H o s p i t a l  
B e l v id e r e  H o s p i t a l  
L ig h tb u rn  H o s p i t a l  
Glasgow Royal I n f i r m a r y  
R u c h i l l  H o s p i t a l  ( i f  r e q u i r e d )  
C en t re  f o r  Rheumatic D is e a s e s  
Glasgow Royal  I n f i r m a r y
13.00
13.20 
13.25  
13.50  
14.10
14.30
14.40
15.00 
15.15
15.30
15.40
16.00
16.20
Duke S t r e e t  H o s p i t a l
B e l v id e r e  H o s p i t a l
L ig h tb u rn  H o s p i t a l
Glasgow Royal  I n f i r m a r y
R u c h i l l  H o s p i t a l  ( i f  r e q u i r e d )
Glasgow Royal  I n f i r m a r y
Duke S t r e e t  H o s p i t a l
B e l v id e r e  H o s p i t a l
Glasgow Royal  M a t e r n i t y  H o s p i t a l
Cen t re  f o r  Rheumatic D is e a s e s
Glasgow Royal I n f i r m a r y
L ig h tb u rn  H o s p i t a l
Glasgow Royal  I n f i r m a r y
36.
C u r i o u s l y ,  t h e r e  i s  a r e a l i s t i c  l i m i t  t o  the  t ime overheads  
in  t h a t  a d i s t a n c e  o f  over  100 m i le s  i s  l i k e l y  to  be g iv e n  a p p r o p r i a t e  
t r a n s p o r t a t i o n  by a i r  or  p o s s i b l y  t r a i n  whereas f o r  s h o r t e r  d i s t a n c e s  
the  overheads  i n c r e a s e  roughly  l i n e a r l y .  Urban m otorway  d e v e l o p m e n t  
can  e a s e  some o f  t h e  p r o b l e m s  and  h e l p  p r o v i d e  a more r e l i a b l e  and 
c o n s i s t e n t  s e r v i c e  f o r  t r a n s p o r t i n g  spec imens .
Within a h o s p i t a l ,  pneumatic tubes  fo r  specimen d e l i v e r y  have 
been t r i e d ,  b u t  an o r g a n i s a t i o n a l  s tudy  in  1963 conc luded  t h a t  " a  w e l l  
o r g a n i s e d  m e s s e n g e r  s e r v i c e  i s  more e f f i c i e n t ,  c o s t s  n o t h i n g  t o  
i n s t a l l ,  and o p e r a t e s  a t  o n e - t h i r d  o f  t h e  c o s t  o f  a  p n e u m a t i c  t u b e  
system" (Nelson,  1969).
2 . 2 . 2  I n i t i a l  Reques t ing  -  M a t e r i a l ,  Methods and R e s u l t s
Two a s p e c t s  o f  i n i t i a l  r e q u e s t i n g  were c o n s i d e r e d  -  un ique  
p a t i e n t  i d e n t i f i c a t i o n  and com pos i t ion  o f  r e q u e s t  forms.
C u m u l a t i v e  r e p o r t i n g  ( S e c t i o n  3) r e q u i r e s  l i n k a g e  between 
c u r r e n t  and p r e v io u s  r e s u l t s  and e f f i c i e n c y  o f  the  l i n k a g e  w i l l  d e p e n d  
on t h e  q u a l i t y  o f  t h e  p a t i e n t  i d e n t i f i c a t i o n  d a t a  (RID) s u p p l i e d  w i th  
e a c h  r e q u e s t  fo rm  ( F l y n n ,  1 9 6 9 ) .  V a r i o u s  n u m b e r s ,  u n i q u e  t o  t h e  
p a t i e n t  have been t r i e d ,  b u t  a l l  have been shown to  p o s s e s s  l i m i t a t i o n s  
( R e e k i e ,  1977? S im p s o n ,  1973) and  l o c a l  n u m b e r s ,  a s s i g n e d  by t h e  
h o s p i t a l  o r  d i s t r i c t  r e c o r d s  o f f i c e s  a r e  s t i l l  commonly used ,  and can 
be s u p p l i e d  on a d h e s iv e  l a b e l s ,  o r  on embossed p l a t e s  which can im p r in t  
PID d i r e c t l y  on to  r e q u e s t  forms in  the manner o f  c r e d i t  c a rd  p r i n t e r s .  
Attempts  t o  l i n k  r e s u l t s  t o  a n a l y s e s  and  r e p o r t s  u s i n g  t h i s  u n i q u e  
number mus t  r e q u i r e  c l o s e  to  100% use o f  such numbers on the  r e q u e s t  
f o rm s .
37.
A s h o r t  s u r v e y  was c a r r i e d  o u t  i n  1975 i n  t h e  a u t h o r s
l a b o r a t o r y  i n t o  th e  use o r  p r o v i s i o n  o f  t h i s  number by the  c l i n i c i a n s .
The s t u d y  d i f f e r e n t i a t e d  be tw een  p r i n t e d  d a t a  and h a n d - w r i t t e n  s in c e  
th e  l a t t e r  might  be ex p ec ted  to  be o f  dubious  v a l u e .  The r e s u l t s  a r e  
p r e s e n t e d  in  Tab le 10, which shows t h a t  a round 60% o f  r o u t i n e  r e q u e s t s
r e a c h in g  th e  l a b o r a t o r y  c a r r i e d  f u l l  PID w i th  a f u r t h e r  s m a l l  p e r c e n ­
t a g e  o f  h a n d - w r i t t e n  h o s p i t a l  numbers.  On the f i r s t  r e q u e s t  f o r  each 
p a t i e n t ,  however,  the  f i g u r e  d r o p s  t o  a r o u n d  25%, s i n c e  a t  t h e  t im e  
t h a t  b i o c h e m i s t r y  i s  f i r s t  r e q u e s t e d  on a new a d m is s io n ,  the  r e g i s ­
t r a t i o n  documents have n o t  been made a v a i l a b l e .
T h i s  c o n t r a s t s  m a r k e d l y  w i t h  s e v e r a l  m a jo r  h o s p i t a l s  w i th  
c o m p u t e r - b a s e d  r e c o r d  s y s t e m s  w here  t h e  p r o v i s i o n  o f  u n i q u e  c a s e  
r e f e r e n c e  numbers i s  ap p ro x im a te ly  100% (F leck ,  A; F lynn ,  F.V. p e r s o n a l  
c o m m u n ica t io n s ) .
The c o r o l l a r y  t o  t h i s  i s  t h a t  t h e  a u t h o r ' s  d epar tm en t  was 
r e q u i r e d  t o  i n t r o d u c e  a ty pe  o f  computer  r e p o r t i n g  system which d id  n o t  
depend on the  h o s p i t a l  number (Chapter  3) ,
R e q u e s t  f o rm s  may s i g n i f i c a n t l y  a f f e c t  t u r n r o u n d ,  p a r t i ­
c u l a r l y  s i n c e  t h e  l a b o r a t o r y  u n t i l  1981 o p e r a t e d  a mainly  manual 
r e p o r t i n g  sy s tem .  In th e  a u t h o r ' s  l a b o r a t o r y  over 75% o f  t h e  w o r k l o a d  
was r e q u e s t e d  on two s e p a r a t e  forms -  the  'A'  and ' B ' forms in  P l a t e  IV 
- i n i t i a l l y  to  s e p a r a t e  the  f a s t ,  u r g e n t  'A '  a n a l y s e s  f rom  t h e  s l o w e r  
t u r n r o u n d ,  l e s s  u r g e n t  ' B ' g roup ,  and s u b se q u e n t ly  to  d i f f e r e n t i a t e  the 
'A'  forms which  r e q u i r e d  d a t a  p r e p a r a t i o n  a t  a c o m p u te r  t e r m i n a l  from 
th e  *B' forms which d i d  n o t .
Mi-q
H
I
I
U)
8
g
g
I
I
o
sr
8
H
g
m
S
I
i
HI
ë
B
H
CO
I
mC"a\
m
-H +J
CN
LO
% ra
r-4
COco
r o
LO
CN CN
S!
!
I
PLATE IV A, B and X Biochemis t ry  Request  Forms
38.
T h i s  a r r a n g e m e n t s  o f  r e q u e s t s ,  a l t h o u g h  c o n v e n i e n t  fo r  the  
l a b o r a t o r y ,  meant t h a t  c l i n i c i a n s  were commonly r e q u i r e d  t o  f i l l  two 
fo rm s  f o r  t h e  same p a t i e n t  on the  same d a t e ,  and meant  a l s o  t h a t  d a t a  
p r e p a r a t i o n  s t a f f  were r e q u i r e d  t o  e n t e r  t h e s e  i n t o  t h e  c o m p u t e r  a s  
s e p a r a t e  r e q u e s t s  when *B' fo rm  t e s t s  became c o m p u t e r - r e p o r t e d ;  
c l e a r l y  an i n e f f i c i e n t  p r o c e s s .
The s i n g l e  r e q u e s t  form -  the  'X'  form i n  P l a t e  IV -  had been 
p lanned  s in c e  1978, b u t  was n o t  implemented u n t i l  m id -N o v e m b e r ,  1981,  
one month a f t e r  t h e  ' B '  g r o u p  o f  r e p o r t s  w ere  f i n a l l y  p r i n t e d  by 
computer .
The s t u d y  o f  i m p l e m e n t a t i o n  c o n c e n t r a t e d  on two a s p e c t s  o f  
the  form -  the  a n t i c i p a t e d  r e d u c t i o n  i n  t h e  number o f  fo rm s  r e a c h i n g  
t h e  d e p a r t m e n t ,  and  t h e  p o t e n t i a l  f o r  s u b s t a n t i a l  i n c r e a s e  i n  the 
numbers o f  a n a l y s e s  r e q u e s t e d ,  p a r t i c u l a r l y  th e  a s s o c i a t i o n  o f  e l e c t r o ­
l y t e s  w i t h  the  former 'B* group r e q u e s t s  (LFT's ,  enzymes e t c )  s i n c e  i t  
was now c o n v e n i e n t  to  r e q u e s t  th e s e  t o g e t h e r  on one form.
The num bers  o f  fo rm s  a r r i v i n g  i n  t h e  d e p a r t m e n t  o v e r  the  
p e r i o d  August  1981 to  March 1982 i s  shown in  Table  11 t o g e t h e r  w i th  the  
c o r r e s p o n d i n g  f i g u r e s  f rom  f i s c a l  y e a r  8 0 / 8 1 ,  I t  i s  c l e a r  t h a t  
w idespread  use o f  the  ’X’ r e q u e s t  form had reduced th e  number o f  f o rm s  
a r r i v i n g  i n  t h e  d e p a r t m e n t  by a r o u n d  25% by e a r l y  1982,  T h i s  
r e p r e s e n t s  a m e a s u r a b l e  t i m e  s a v i n g  f o r  d a t a  p r e p a r a t i o n  o f  o v e r  2 
h o u r s / d a y  a s s e s s e d  on the  b a s i s  of  200 l e s s  r e q u e s t  forms per  day a t  
40 s e c / r e q u e s t .
The e f f e c t  on r e q u e s t i n g  p a t t e r n s  was a s s e s s e d  by a computer  
program w r i t t e n  by the  a u t h o r ,  and d e s i g n e d  t o  a n a l y s e  t h e  number o f  
r e q u e s t s  i n  t h e  f i r s t  week o f  each monthly a r c h i v e  d a t a  f i l e ,  and to
TABLE 11
NUMBER OF ROUTINE REQUESTS ARRIVING IN DEPARTMENT AUG 81-MAR 82
Month 1980/81 1981/82 % I n c r e a s e
August  '
September
O ctober
November
December
Ja n u a ry
F eb rua ry
March
23486
26660
30047
27237
28642
28210
28549
32627
25731
27240
28870
28462
28993
21279
20652
26053
+ 9.5%
+ 2.1%
-  4.0%
+ 4.4%
+ 1 . 2 %
-  24.6%
-  27.7%
-  2 0 . 2 %
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com pute  t h e  p e r c e n t a g e s  o f  e a c h  o f  t h e  m a jo r  t y p e s  o f  ' B ' g r o u p  
r e q u e s t i n g  p a t t e r n s  w i t h i n  the  f i l e .  The program l i s t i n g  i s  i n c l u d e d  
as Appendix I .  The program o u t p u t  i s  summarised in  Table  12.
T a b l e  12 e x p r e s s e s  t h e  m a jo r  r e q u e s t  g r o u p s  on t h e  *B' 
r e q u e s t  form e i t h e r  as  LFT ( l i v e r  f u n c t i o n  t e s t s )  ; CAP (.Bone p r o f i l e )  , 
P r o t e i n  (T o ta l  p r o t e i n ,  a lbumin ,  g l o b u l i n s )  and Enzymes (Cardiac  Enzyme 
P r o f i l e )  and shows th e  r e l a t i v e  p o p u l a r i t y  of  the  v a r i o u s  com bina t ions  
o f  t h e s e  g ro u p s ,  e x p re s s e d  a s  a p e r c e n t a g e  o f  a l l  ' B ' g r o u p  r e q u e s t s  
w r i t t e n  t o  the  a r c h i v e  f i l e  on the  f i r s t  f u l l  week o f  each  month.  The 
November d a t a  r e p r e s e n t s  th e  s i t u a t i o n  p r i o r  to  i n t r o d u c t i o n  o f  the  *X' 
f o r m ,  and  t h e  c o m b i n a t i o n s  a r e  marked from to p  to  bo ttom in  o rd e r  o f  
p o p u l a r i t y  w h i le  the  'A'  and 'B'  forms were s t i l l  b e i n g  e m p lo y e d ,  and  
b e f o r e  i t  became s im p l e  a) to  r e q u e s t  m u l t i p l e - t e s t  com bina t ions  on a 
s i n g l e  form, and b) t o  r e q u e s t  e l e c t r o l y t e  p r o f i l e s  t o g e t h e r  w i t h  ’B ’ 
group r e q u e s t s .
Table  12 shows t h a t ,  c o n t r a r y  t o  the  f e a r s  e x p re s s e d  by s t a f f  
p r i o r  t o  th e  r e l e a s e  o f  t h e  *X' f o r m ,  t h e r e  was l i t t l e  e v i d e n c e  o f  
m a jo r  a l t e r a t i o n s  in  the  r e q u e s t i n g  p a t t e r n s .  In  p a r t i c u l a r ,  t h e r e  i s  
no ev id en ce  t h a t  the  m u l t i - o r g a n  s c r e e n i n g  c o m b i n a t i o n s  s u c h  a s  LFT, 
CAP, Enzymes and LFT, P r o t e i n ,  Enzymes have become more p r e v a l e n t  s i n c e  
the  ' X' form was i n t r o d u c e d .  S i m i l a r l y ,  t h e r e  i s  no c l e a r  e v i d e n c e  
t h a t  e l e c t r o l y t e s  and *B' group a n a l y s e s  a re  be ing  r e q u e s t e d  t o g e t h e r  
any more o f t e n  than they  were  when r e q u e s t i n g  i n v o l v e d  two s e p a r a t e  
f o r m s ,  a l t h o u g h  t h e r e  i s  some s u g g e s t i o n  o f  a tendency  to  r e q u e s t  a 
h ig h e r  p r o p o r t i o n  o f  e l e c t r o l y t e s  w i th  t h e  two l a r g e s t  c o m b i n a t i o n s .  
W he the r  o r  n o t  th e s e  p a r t i c u l a r  f i g u r e s  c o n t in u e  to  r i s e  remains  to  be 
s e e n .
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2 . 2 , 3  D is c u s s io n
The p a t t e r n  o f  r e q u e s t i n g  can have some e f f e c t  on l a b o r a t o r y  
e f f i c i e n c y  and i s  a r g u a b l y  in f l u e n c e d  by the  l a b o r a t o r y  s t a f f  and th e  
f o rm s  and a n a l y t i c a l  a u t o m a t i o n  w hich  th e y  d e c i d e  t o  e m p lo y .  
Reques t ing  p r o c e d u re s  t end  to  be modified  s o l e l y  on t h e  i n i t i a t i v e  o f  
t h e  l a b o r a t o r y ,  and  a r e  d e s i g n e d  t o  s u i t  the l a b o r a t o r y ' s  needs fo r  
more e f f i c i e n t ,  l e s s  t i m e - c o n s u m i n g  d a t a  p r e p a r a t i o n ,  f o r  e x a m p l e .  
A t t e m p t s  have  been  made t o  p r o v i d e  m ach ine  r e a d a b l e  PID on r e q u e s t  
forms e i t h e r  as  punched h o l e s  o r  by u se  o f  o p t i c a l  c h a r a c t e r  r e c o g ­
n i t i o n  (W h i t e h e a d  e t  a l ,  1968, Rappoport ,  1969, V i tek  e t  a l  1974) b u t  
t h e s e  have n o t  been t o t a l l y  s u c c e s s f u l  because  much o f  th e  i n f o r m a t i o n  
p r o v i d e d  on r e q u e s t  forms i s  ex t rem ely  v a r i a b l e  (eg d a t e  o f  r e q u e s t ,  
c u r r e n t  d i a g n o s i s ,  t i m e  r e c e i v e d ,  r e q u e s t  n u m b e r ) ,  and  h a s  a l m o s t  
a l w a y s  had  to  be manual ly  e n t e r e d  i n t o  computers .  Also,  p r e - c o d in g  of  
PID i n  m a c h in e - r e a d a b le  forms was only p o s s i b l e  i n  h o s p i t a l s  l i k e  t h e  
Queen E l i z a b e t h  H o s p i t a l  i n  B i rm ingham ,  w h ich  had  no s i g n i f i c a n t  
c a s u a l t y  workload  (DHSS, 1975).
The o t h e r  m a jo r  a l t e r n a t i v e  i s  the l i n k a g e  o f  the h o s p i t a l  
p a t i e n t  a d m i n i s t r a t i o n  computer  w i th  th e  s e r v i c e  d ep a r tm en t  m a c h in e  so 
t h a t  s e r v i c e  d e p a r tm en t s  have a c c e s s  to  the p a t i e n t  m as te r  index ,  thus  
a s s o c i a t i o n  of  un ique  case  r e f e r e n c e  num bers  w i t h  r e q u e s t s  becomes  
more e f f e c t i v e .
In  c o n t r a s t ,  the  d e l i v e r y  of  specimens to  the  l a b o r a t o r y  i s  a 
c o n t in u e d  s o u rce  of  problems and d e lays  which a r e ,  in  th e  main,  o u t s i d e  
l a b o r a t o r y  c o n t r o l .  Although a r c h i v e  a n a l y s i s  o f  l a b o r a t o r y  computer  
d a t a  f i l e s  can be  u s e d ,  a s  i n  F i g u r e  5, t o  d e m o n s t r a t e  and  m o n i t o r  
u n s a t i s f a c t o r y  d i s t r i b u t i o n  o f  spe c im e n  a r r i v a l  t i m e s ,  t h e  o n l y
41.
e f f e c t i v e  way o f  c o n t r o l l i n g  and im p ro v in g  s p e c im e n  d e l i v e r y  t imes  
w o u ld  a p p e a r  t o  be t h e  em ploym ent  by t h e  l a b o r a t o r y  o f  t h e i r  own 
p h l e b o t o n i i s t s . I t  t h e n  becomes p o s s i b l e  f o r  c l i n i c a l  s t a f f  t o  
r e q u i s i t i o n  a n a l y s e s  th ro u g h  ward-based  v i s u a l  d i s p l a y  t e r m i n a l s  (VDUs) 
o r  e v e n  by m o d i f i e d  t e l e p h o n e  (Rappoport,  1978) and have th e  p r i n t e d  
l i s t  o f  r e q u i s i t i o n s ,  s o r t e d  by ward,  a v a i l a b l e  w i t h i n  t h e  l a b o r a t o r y  
as  r e q u i r e d .
B e f o r e  c o n s i d e r i n g  r e c e p t i o n  a c t i v i t i e s ,  one f u r t h e r  p o i n t  
a r i s i n g  from the  t i m e s c a l e  so f a r  d i s c u s s e d ,  r e q u i r e s  a t t e n t i o n .  I t  
w o u ld  seem t h a t  c l i n i c i a n s  r e q u e s t  a c o n s i d e r a b l e  f r a c t i o n  o f  the  
l a b o r a t o r y ' s  workload  w h i le  t h e  l a b o r a t o r y  s t a f f  a r e  u n a v a i l a b l e  t o  
a n s w e r  q u e s t i o n s  o f  d e t a i l  on a p p r o p r i a t e  fo rm t y p e ,  c o n t a i n e r s ,  
minimum n e c e s s a r y  specimen volumes and th e  l i k e .  Up t o  d a t e  d a t a  m us t  
be made a v a i l a b l e  a t  t h i s  t ime,  and an en q u i ry  program w r i t t e n  by the  
a u t h o r  t o  p ro v id e  such  d a t a  i s  a v a i l a b l e  a t  the  Ward T e r m in a l s  t o  t h e  
B i o c h e m i s t r y  c o m p u te r  24 h / d a y  as an a l t e r n a t i v e  t o  th e  f r e q u e n t l y  
o u t d a t e d  i n f o r m a t io n  on p r i n t e d  l i s t s .
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2.3 Specimen Recep t ion
S p e c im e n  r e c e p t i o n  f o r  c a r d i a c  enzymes  o ccu p ied  o n ly  some 
tw enty  m in u te s  o f  t h e  n e t w o r k  d i a g r a m  o f  F i g u r e  10 and  s o  no m a jo r  
b e n e f i t  w i l l  be o b t a i n e d  from i n t e n s i v e  a t t e m p t s  t o  reduce  t h i s  t im e .  
I t  i s ,  m oreover ,  a problem which w i l l  d im in i s h  i f  a d d i t i o n a l  r e s o u r c e s  
a r e  made a v a i l a b l e  b u t  the  fundamenta l  importance o f  specimen r e c e p t i o n  
p e r h a p s  r e q u i r e s  some f u r t h e r  d i s c u s s i o n .  W hi le  some a n a l y s e r s ,  
n o t a b l y  t h e  V i c k e r s  M30Ü, c an  a s p i r a t e  se rum f rom  th e  v e s s e l  i n t o  
which the  b lood was o r i g i n a l l y  d i spensed  by the  r e q u e s t i n g  c l i n i c i a n ,  
i n  m o s t  l a b o r a t o r i e s  a c e n t r i f u g a t i o n  s t e p ,  fo l low ed  by a p a r t i t i o n i n g  
o f  serum o r  plasma i n t o  a l i q u o t s ,  e a c h  i n  i t s  own s a m p l e  b o t t l e ,  i s  
r e q u i r e d ,  and  t h e  e l a p s e d  t i m e  o f  t h e  s p e c im e n  r e c e p t i o n  p r o c e s s e s  
becomes a f u n c t i o n  o f  th e  number o f  s t a f f  i n  t h e  r e c e p t i o n  a r e a ,  t h e  
number and c a p a c i t y  o f  the  c e n t r i f u g e s  a v a i l a b l e  t o  them and the  number 
o f  a n a l y t i c a l  a r e a s  and  f u n c t i o n a l  g r o u p s  o f  t e s t s  w i t h i n  t h e  
l a b o r a t o r y .  I t  i s  p o s s i b l e  to  i n t ro d u c e  some forms o f  sample s t ream ing  
a t  t h i s  s t a g e ,  g i v i n g  p r i o r i t y  t o  p a r t i c u l a r  g r o u p s  o f  t e s t s ,  and 
w i t h i n  t h a t  to  i n d i v i d u a l  specimens  from a c u te  a r e a s  o f  th e  h o s p i t a l  or 
H e a l th  D i s t r i c t ,  b u t  th e  use o f  s u c c e s s iv e  d e c i s i o n  c r i t e r i a  by j u n i o r  
g r a d e s  o f  s t a f f  who norm al ly  o p e ra t e  the r e c e p t i o n  a r e a  i s  l i k e l y  to  
slow down th e  r e c e p t i o n  p r o c e s s .
Automation o f  the  r e c e p t i o n  p rocedu res  has been n e g l e c t e d ,  or 
a t  b e s t ,  been p a r t i a l l y  ach iev ed  through  advances in  i n s t r u m e n t  d e s i g n  
w h ic h  h a v e  a l l o w e d  s t e p s  s u c h  a s  s p e c im e n  s e p a r a t i o n  and  s am p le  
p a r t i t i o n i n g  t o  be d e l e t e d .  A r a n g e  o f  i n s t r u m e n t s  w h ich  employ  
i o n - s e l e c t i v e  e l e c t r o d e s  can measure p a r t i a l  p r e s s u r e s  o f  oxygen and 
ca rbon  d i o x i d e ,  sodium, p o ta s s iu m ,  and g luc ose  c o n c e n t r a t i o n s  in  whole
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b l o o d ,  o b v i a t i n g  t h e  c e n t r i f u g a t i o n  s t e p ,  and  some a n a l y s e r s  w i l l  
a s p i r a t e  sample from the  o r i g i n a l  spec im en  c o n t a i n e r s ,  r e m o v in g  th e  
p a r t i t i o n i n g  s t e p  b u t  d e l a y in g  f u r t h e r  a n a l y s i s  on the  specimen.
Specimen r e c e p t i o n  i s  o f t e n  r ega rded  as  the  most t e d i o u s  and 
in  some r e s p e c t s  m en ia l  t a s k  w i t h i n  the  l a b o r a t o r y ,  t o  be e n t r u s t e d  to  
the  most  j u n i o r  g r a d e s  o f  s t a f f .  Quite c l e a r l y  from F ig u re  10 however,  
i t  i s  o f  c e n t r a l  i m p o r t a n c e  i n  l a b o r a t o r y  workflow because  i t  i s  the  
f i r s t  s t e p  in  t h e  c r i t i c a l  p a t h  w i t h i n  t h e  l a b o r a t o r y  -  e v e r y  
l a b o r a t o r y  s t a f f  member i s  f rom  t im e  t o  t i m e  r e m i n d e d ,  u s u a l l y  
u n p l e a s a n t l y ,  t h a t  d e l a y s  in  r e c e p t i o n  r e v e r b e r a t e  th rough  the  complete 
a n a l y t i c a l  and  r e p o r t i n g  s y s t e m .  The sample which emerges from the 
r e c e p t i o n  a r e a  i s  f u n d a m e n t a l l y  d i f f e r e n t  f rom t h e  s p e c i m e n  w h ich  
a r r i v e d  by the  messenger  in  t h a t  i t s  p a t i e n t  i d e n t i f i c a t i o n  d a t a  i s  now 
seco n d a ry ,  hav ing  been cop ied  from the  o r i g i n a l  specimen a n d /o r  r e q u e s t  
form. The p r im a ry  and unique  means o f  sample i d e n t i f i c a t i o n  i s  now the  
l a b o r a t o r y  a c c e s s i o n  number r a t h e r  than any i n f o r m a t i o n  s u p p l i e d  w i t h  
t h e  r e q u e s t ,  s i n c e  more t h a n  one r e q u e s t  f o r  any  i n d i v i d u a l  may be 
be ing  p ro c e s s e d  a t  any g iv e n  t im e .
I n  t h i s  t r a n s i t i o n  i n  i d e n t i f i c a t i o n  l i e s  th e  o r i g i n  o f  the  
m a j o r i t y  o f  p a t i e n t / s a m p l e  i d e n t i f i c a t i o n  problems which w i l l  a r i s e  in 
a v a r i e t y  o f  f o r m s  f rom h e r e  t o ,  and even  beyond  t h e  p o i n t  where a 
r e p o r t  i s  r e t u r n e d  t o  the  i n i t i a t o r  o f  th e  r e q u e s t .
2 .3 .1  P a t i e n t / S a m p l e  I d e n t i f i c a t i o n
A p p r o a c h e s  t o  p o s i t i v e  p a t i e n t / s am p le  i d e n t i f i c a t i o n  have 
a r i s e n  th rough  i n s t r u m e n t  m a n u f a c t u r e r ' s  a t t e m p t s  t o  a v o i d  i d e n t i ­
f i c a t i o n  e r r o r s  d u r in g  a n a l y s i s  and have c o n c e n t r a t e d ,  in  the  main,  on 
the  change o f  p r i m e  i d e n t i f i c a t i o n  c h a r a c t e r i s t i c  f rom  l a b o r a t o r y
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a c c e s s i o n  number t o  t h e  a n a l y t i c a l  s e q u e n c e  number a s s ig n e d  dur ing  
w o rk sh e e t  p r o d u c t i o n  a t  each  work a rea  (Figure 10, n o d e s  12 and 1 3 ) ,  
The s e q u e n c e  number i s  n o t  u n i q u e ,  and a d e q u a t e  i d e n t i f i c a t i o n  i s  
depende n t  on th e  manual load ing  o f  the a n a l y s e r  sampl ing  module i n  t h e  
c o r r e c t  o r d e r .  Common m is t a k e s  a t  t h i s  p o i n t  a r e  the  i n t e r c h a n g i n g  o f  
two s a m p le s ,  o r  a d i s p l a c e m e n t  o f  the sequence by one p o s i t i o n  a c r o s s  
p a r t  o f  a  b a t c h  o f  samples  (Whitehead 1 9 5 7 ) .  Good l a b o r a t o r y  p r a c t i c e  
an d  c a r e f u l  a t t e n t i o n  t o  d e t a i l  can  m i n i m i s e  t h e  r i s k  o f  t h e s e  
o c c u r e n c e s ,  b u t  w i l l  n o t  e l i m i n a t e  them.
To remove t h i s  s e c o n d  change in r e s u l t  i d e n t i f i e r ,  a number 
o f  i n s t r u m e n t s  i n  common u s e  now r e a d  t h e  a c c e s s i o n  number o r  
e q u i v a l e n t  d i r e c t l y  f rom t h e  sample  c o n t a i n e r  as  sampl ing  i s  t a k in g  
p l a c e .  Among t h e s e  i n s t r u m e n t s  one can l i s t  the  Technicon IDEE o p t i o n  
f o r  SMA 6 ,  12,  and  18 /60s ,  th e  Vickers  SP120 d a t a  a c q u i s i t i o n  system,
( P l a t e  V),  and t h e  Technicon SMAC a n a l y s e r , ( P l a t e  V I ) .  A l l  o f  t h e s e  
h a v e  a d e t e c t o r  s y s t e m  w h ich  r e a d s  a coded  t a g  a t t a c h e d  t o  t h e  
sample o r  i t s  c a r r i e r  b lock  and th u s  e l i m i n a t e s  t h e  p o s s i b i l i t y  o f  a 
s e q u e n c i n g  e r r o r  i n  a n a l y s i s  ( P l a t e  V I I ) .  They  do n o t ,  h o w e v e r ,  
e l i m i n a t e  the  p o s s i b i l i t y  o f  m is-ass ignm ent  o f  the tag  t o  the  a l i q u o t ,
and t h e y  do n o t  f u l l y  ove rcom e  th e  p r o b le m  o f  t h e  t r a n s f e r  o f  the
p a t i e n t ’s  i d e n t i t y  from the  i n i t i a l  specimen c o n t a i n e r  t o  the a l i q u o t .
A t t e m p t s  have  b e e n  made to  t a c k l e  t h i s  a r e a  a l s o .  In the
middle  1960s, a  Technicon system was a v a i l a b l e  t o  p r o v i d e  a t a g  w h ich  
was a f f i x e d  t o  t h e  s p e c im e n  c o n t a i n e r ,  was m a c h in e  r e a d a b l e ,  and 
c a r r i e d  t h e  same i d e n t i f i c a t i o n  number a s  the  p r e p u n c h e d  r e q u e s t  fo rm 
( C o n s t a n d s e  1966 ; W h i t e h e a d ,  e t  a l ,  1968; Chalmers,  1969). The tag  
c o u l d  be r e a d  by th e  ID u n i t  a t t a c h e d  to  the T-40 s a m p l e r  ( W h i t e h e a d ,
«PLATE V Vicker s  SP120 Lase r  specimen i d e n t i f i c a t i o n  system
(Photograph by Cour t e sy  o f  Vickers  Ltd ,  Medical  Engi nee r ing  
B a s i n g s t o k e ,  UK).
wPLATE VI Technicon SMAC 11 Mul t i -channel  p a r a l l e l  con t inuous
f low a n a l y s e r  (photograph by co u r t e sy  o f  Technicon Ltd,  
Bas i n g s t o k e ,  UK)
PLATE VII C a r r i e r  block f o r  Technicon SMAC 11 showing ba r - code  
l a b e l s
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1967  ) and  th e  ca rd  by an IBM re a d e r  a t t a c h e d  to  the  l a b o r a t o r y  p r o c e s ­
sor  (Cons tandse ,  1966).  However i t  was s t i l l  n e c e s s a r y  t o  i n p u t  some 
o r  a l l  OÊ the  p a t i e n t  i n f o r m a t io n  manually  i n t o  the  p r o c e s s o r ,  so t h a t  
the  r i s k  o f  m i s - i d e n t i f i c a t i o n  was s t i l l  p r e s e n t .  M o r e o v e r ,  t h i s  
s y s t e m  v/as d e p e n d e n t  b o t h  on a d e q u a t e  d o c u m e n t a t i o n ,  i n c l u d i n g  
p r o v i s i o n  o f  th e  c a r d s  and t a g s  on a d m i s s i o n  b e f o r e  any  l a b o r a t o r y  
r e q u e s t  was i n i t i a t e d ,  and t r a n s f e r  o f  the t a g s  to  the  sample a l i q u o t s  
a f t e r  c e n t r i f u g a t i o n .  A lso ,  where th e  a n a l y s e s  were n o t  au tom ated ,  the 
r e q u e s t  c a r d s  w ere  u s e d  t o  g e n e r a t e  a w o rk sh e e t  which then  r e q u i r e d  
t h a t  the  a n a l y s e s  be performed in  sequence a s  b e f o r e  w i t h  t h e  a t t e n ­
d a n t  r i s k s ,
A m a jo r  a t t e m p t  t o  c i r c u m v e n t  t h e s e  p r o b l e m s  was made by 
V icke rs  Ltd w i th  t h e i r  M300 a n a l y s e r  towards the  end o f  the  1 9 6 0 s .  The 
V i c k e r s  sample v i a l  was coded by pushing in  f o i l  f l a g s  on the  r e a d i n g  
s u r f a c e ,  and  was u s e d  a s  s p e c im e n  c o n t a i n e r  w h ic h  c o u l d  t h e n  be 
c e n t r i f u g e d  and l o a d e d  on t o  th e  sample rack  o f  th e  M3Q0 so t h a t  the  
i d e n t i f i c a t i o n  number was read  d i r e c t l y  by the  a n a l y s e r  and a s s o c i a t e d  
w i t h  t h e  r e s u l t s  f rom  t h a t  specimen.  No p r o v i s i o n  was made, however, 
fo r  r e c o v e ry  o f  t h e  c o n t a i n e r s  a f t e r  a n a l y s i s  and  s u b s e q u e n t  t e s t s  
r e q u i r e d  the  use o f  a s t a n d a r d  w orksheet  sys tem.
S i n c e  t h e  n e e d s  o f  t h e  l a b o r a t o r y  and  t h e  h o s p i t a l  f o r  
p a t i e n t  i d e n t i f i c a t i o n  a r e  d i f f e r e n t  -  the h o s p i t a l  need o n ly  i d e n t i f y  
the  p a t i e n t ,  w h i le  the  l a b o r a t o r y  may have more t h a n  one  s p e c im e n  f o r  
a n a l y s i s  from the  i n d i v i d u a l  p a t i e n t  dur ing  one day -  an i d e a l  system 
would i n v o l v e  t h e  a t t a c h m e n t  t o  t h e  s p e c im e n  b o t t l e  o f  a  m a c h i n e -  
r e a d a b l e  i d e n t i f i c a t i o n  number which would a l s o  appea r  on the  r e q u e s t  
form, A s e l f - c o n t a i n e d ,  p ro c e s s o r  c o n t r o l l e d  sampling u n i t  c o u l d  t h e n
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c e n t r i f u g e  s p e c im e n  c o n t a i n e r s ,  read  the  PID and c r e a t e  the  n e c e s s a r y  
number o f  se ru m  a l i q u o t s ,  e a c h  c a r r y i n g  t h e  l a b o r a t o r y  a c c e s s i o n  
number a s s i g n e d  t o  t h e  specimen in  machine r e a d a b l e  form -  a b a r - c o d e  
l a b e l ,  f o r  example.  The a c c e s s i o n  number would a l s o  be a t t a c h e d  to  the  
specimen b o t t l e  and a t a b l e  o f  incoming specimen numbers,  d a t e  and t ime 
o f  r e c e i p t ,  and a s s o c i a t e d  l a b o r a t o r y  numbers  c o u l d  be h e l d  i n  t h e  
p r o c e s s o r  and a c c e s s e d  as  r e q u i r e d .  The b a r -c o d e  l a b e l  on the a l i q u o t  
b o t t l e s  co u ld  t h e n  be r e a d  by a u t o m a t i c  s a m p l e r s  on t h e  a n a l y t i c a l  
equipment so t h a t  the  t r a n s f e r  o f  i d e n t i f i c a t i o n  cou ld  be as  e r r o r - f r e e  
a s  p o s s i b l e .
A v a r i a n t  o f  t h i s  scheme i s  c u r r e n t l y  em p lo y ed  a t  t h e  
Youngstown H o s p i t a l  A s s o c i a t i o n  a s  a d e v e l o p m e n t  o f  t h e  s y s t e m  d e s ­
c r i b e d  by Cons tandse ,  in  1966, where a te lephoned  r e q u e s t  fo r  a n a l y s e s  
r e s u l t s  i n  t h e  p r o d u c t i o n  o f  m a c h i n e - r e a d a b l e  t a g s  c a r r y i n g  t h e  
l a b o r a t o r y  i d e n t i f i c a t i o n  number. These a r e  then g iv e n  to  the  p h le b o -  
t o m i s t s  b e fo re  the  specimens  a r e  taken  (Rappoport ,  1978),  T h i s  s h o u l d  
a l s o  h e l p  t o  remove t h e  e a r l i e s t  p r o b l e m  in  th e  c h a i n  o f  p o t e n t i a l  
e r r o r s  in p a t i e n t / s a m p l e  i d e n t i f i c a t i o n  -  t h e  i n i t i a l  c o l l e c t i o n  o f  
the  specimen i n t o  an i n c o r r e c t l y - l a b e l l e d  c o n t a i n e r .
2 , 3 , 2  Request  Data P r e p a r a t i o n  -  o b j e c t i v e s  and problems
The am ount o f  p a t i e n t - d a t a  w h ich  n e e d s  t o  be t r a n s c r i b e d  
i n t o  a r e p o r t i n g  p r o c e s s o r  w i l l  vary  c o n s i d e r a b l y  between l a b o r a t o r i e s ,  
d e p e n d i n g  on t h e  f o r m a t  o f  t h e  f i n a l  r e p o r t  and whether  or  no t  i t  i s
norm al ly  a t t a c h e d  to  the  o r i g i n a l  r e q u e s t  form (Chal land  e t  a l ,  1 9 7 9 ) .
In t h e  a u t h o r ' s  l a b o r a t o r y ,  f o r  example,  computer  r e p o r t i n g  o f  e l e c t r o ­
l y t e s  has  gone  f rom s i n g l e  r e p o r t s  on a d h e s i v e  l a b e l s  w i t h  m anua l
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c u m u l a t i o n  and  a t h r e e - l i n e  p a t i e n t  i d e n t i f i c a t i o n  e n t r y  (1973-77) to  
f u l l  cum ula t ion  on a r e p o r t  form s e p a r a t e  from the o r i g i n a l  r e q u e s t  and 
w i th  a t e n - l i n e  i d e n t i f i c a t i o n  s e t .
The aim o f  PID e n t r y  i s  t o  g e n e r a t e  a r e p o r t  which c a r r i e s  
enough in fo rm a t io n  to  en s u re  (a) t h a t  t h e  c o r r e c t  a n a l y s e s  have  been  
p e r  f o r m e d , (b) t h a t  r e s u l t s  a r e  r e t u r n e d  t o  t h e  c o r r e c t  p a t i e n t ' s  
c a s e - n o t e s ,  (c) t h a t  th e  r e s u l t s  can be i n t e r p r e t e d  in  the  l i g h t  o f  the 
c l i n i c a l  d a t a ,  (d) t h a t  c o r r e c t  l i n k a g e  w i th  the  p r e v io u s  r e s u l t s  fo r  
t h e  same p a t i e n t  h a s  been  a c h i e v e d  w here  a c u m u l a t i v e  r e p o r t  i s  
r e q u i r e d .
U n d o u b t e d l y  t h e  m o s t  d i f f i c u l t  o b j e c t i v e  t o  f u l f i l l  i s  the  
l a s t  one.  The ina d e q u a te  p r o v i s i o n  o f  unique  i d e n t i f i c a t i o n ,  t h e  h i g h  
p e r c e n t a g e  o f  h a n d w r i t t e n  r e q u e s t s  and  e x t e r n a l  p r o b l e m s  su c h  as  
c h a n g e  o f  name a n d / o r  a d d r e s s  b e t w e e n  a d m i s s i o n s  e n s u r e  t h a t  few 
c u m u l a t i v e  r e p o r t i n g  sys tems ach i e v e  one hundred p e r c e n t  s u c c e s s .  The 
most  s a t i s f a c t o r y  s y s t e m s  a r e  t h o s e  w h ich  a l l o w  a v i s u a l  m a tc h  o f  
p r e v i o u s  l i k e l y  c a n d i d a t e s  w i t h  t h e  c u r r e n t  r e q u e s t .  Thus m os t  
l a b o r a t o r i e s  use  a v i s u a l  d i s p l a y  t e rm i n a l  (Abson e t  a l ,  1972a î  Morgan
e t  a l ,  1980,* Naylor e t  a l  1979),
The b e n e f i t s  and d r a w b a c k s  o f  two p o t e n t i a l  m e th o d s  o f  
l i n k i n g  c u r r e n t  and p r e v i o u s  r e p o r t s  were s t u d i e d  and the  f i n d i n g s  a r e  
p r e s e n t e d  below,
2 . 3 ,2 , 1  M a t e r i a l s  and Methods
a) Manual Card System
P r i o r  t o  t h e  i m p l e m e n t a t i o n  of  the  f i l e  hand l ing  package in
th e  a u t h o r ' s  l a b o r a t o r y  , a manual c a r d  s y s t e m  had  p r o v i d e d  t h e  l i n k
be tw e e n  c u r r e n t  and  p a s t  r e p o r t s .  Each ca rd  (F igure  12) c a r r i e d  the
/A .N. OTHER 6 0 4 6 7 2  V
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u n i q u e ,  l a b o r a t o r y - a s s i g n e d  l i n k  number used to  i d e n t i f y  the  p a t i e n t ' s  
f i l e  w i t h i n  the p r o c e s s o r .  As was shown i n  F i g u r e s  8 and  9 i n t e r ­
r o g a t i o n  o f  the  ca rd  f i l e  and the  a l l o c a t i o n  of  the  l i n k  number was a 
t ime-consuming p r o c e s s .  Note  t h a t  F i g u r e  8 shows m a n u a l  w o r k s h e e t  
c o m p i l a t i o n ,  r a t h e r  than  the sequence p r e p a re  d a t a  -  g e n e r a t e  w orkshee t  
from computer  -  a n a l y s e  s p e c i m e n s ,  w h ich  wou ld  c l e a r l y  p r o l o n g  t h e  
t u r n r o u n d  t i m e .  H i r s t  e t  a l  (1979) and Flynn (1978) r e p o r t e d  s i m i l a r  
f i n d i n g s .
T h i s  c a r d  s y s t e m  i n  r o u t i n e  use from 1975 to  1980 posed a 
number o f  problems;  t h e s e  a r e  summarised in  Tab le 13.  To d e m o n s t r a t e  
the e f f e c t s  of the  f o u r t h  d i s a d v a n ta g e  (Table 13 ) -  f u l l  i d e n t i f i c a t i o n  
t o  be typed  fo r  each  r e q u e s t  -  an a n a l y s i s  was perform ed to  a s s e s s  t h e  
number o f  p a t i e n t s  on f i l e  w i th  more than one e l e c t r o l y t e  p r o f i l e ;  the  
r e s u l t s  a r e  shown in  Table  14.
b) V isua l  Matching
In O c t o b e r ,  1980 ,  d a t a  p r e p a r a t i o n  beg an  us ing  the  RMS-11 
f i l e  hand l ing  package ;  use o f  th e  c a rd  system was d i s c o n t i n u e d  in  1981. 
The r e v i s e d  t i m i n g s  f o r  t h e  e l e c t r o l y t e  r e p o r t  p r o d u c t i o n  network o f  
F igu re  9 a r e  d e p i c t e d  i n  F i g u r e  13. A s s i g n m e n t  o f  t h e  l i n k  number 
i s  now an  i n t e g r a l  p a r t  o f  PID e n t r y  hence nodes 3 and 4 o f  F igu re  9 
have been d e l e t e d .  The r e v i s e d  t im ings  f o r  the a n a l y t i c a l  a c t i v i t i e s  
a r e  d i s c u s s e d  i n  S e c t io n  2 .4 ,
2 . 3 , 2 , 2  R e s u l t s
From Table  14, i t  i s  c l e a r  t h a t ,  w h i le  62% o f  p a t i e n t s  had no 
f o l lo w -u p  r e q u e s t  w i t h i n  t h e  n e x t  e i g h t  weeks  ( t h i s  r e l a t e d  t o  t h e  
a l g o r i t h m  t h e n  i n  f o r c e  f o r  c u l l i n g  p a t i e n t  f i l e s  from the  d a t a  base)  
the  o t h e r  38% o f  p a t i e n t s  a c c o u n t e d  f o r  o v e r  80% o f  t h e  e l e c t r o l y t e
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TABLE 13
ADVANTAGES AND DISADVANTAGES OF A MANUAL CARD-BASED PA TIEN T ID  SYSTEM 
Advantages
1) Independe n t  o f  p r o c e s s o r  f a i l u r e
Di sad v an ta g e  s
1 ) U n s u i t a b l e  f o r  more t h a n  one o p e r a t o r
2) R e q u i r e s  5-6 hours  o f  c l e r i c a l  s t a f f  t ime p e r  working day
3) Causes ,  on a v e r a g e ,  a 33 minute de lay  on t h e  c r i t i c a l  p a t h  
o f  r e p o r t  p r o d u c t i o n  (Figures 8 and 9, Nodes 2 t o  3)
4) R e q u i r e s  f u l l  p a t i e n t  i d e n t i f i c a t i o n  t o  be ty p e d  f o r  each 
r e q u e s t .
5) Imposes a l i m i t  o f  around  450 on t h e  t o t a l  number o f  r e q u e s t  
forms which can be p ro c e s s e d  w i t h i n  one working day .
TABLE 14
No. of Electrolyte Profiles on file per patient - Glasgow Royal Infirmary
August/September 1977
profiles per patient No of patients
1 3310
2 784
3 339
4 176
5 159
6 105
7 74
8 48
9 43
10 32
11 30
12 27
13 25
14 3
15 14
16 6
17 4
18 2
19 7
20 3
21-30 29
31-40 22
41-50 25
51-60 11
61-70 14
71-80 9
81-90 8
91-100 -
> 100 4
TOTAL 5313
% total patients
62.3%
14.8%
6.4%
3.4%
2,9%
2 . 0 %
1 .4%
0.9%
0 . 8%
0 . 6 %
2.3%
2.3%
J
No. of profiles
3310
1568
1017
704
795
630
578
384
387
320
330
324
325 
42
210
96
68
36
133
60
722
751
618
604
913
663
699
700 
16927
% profiles:
19.5%
9.3%
6 . 0 %
4.2%
4.7%
3.7%
3.1%
2.3%
2.3%
1.9%
©
9.6%
33.4%
J
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p r o f i l e s  on f i l e  t o w a r d s  t h e  end o f  1977, th u s  a m a j o r i t y  o f  d a i l y  
r o u t i n e  e l e c t r o l y t e  r e q u e s t s  were on p a t i e n t s  p r e v i o u s l y  known t o  t h e  
s y s t e m .  F u r t h e r ,  t h e r e  e x i s t e d  a t  l e a s t  fou r  p a t i e n t s ,  whose p r im ary  
i d e n t i f i c a t i o n  d a t a  had each  been typed a t  l e a s t  100 t im e s .
The e s t i m a t e d  e l a p s e d  t ime o f  17 minutes  f o r  d a t a  p r e p a r a t i o n  
in  F ig u r e  13 r e l a t e s  t o  th e  maximum b a t c h  s i z e  o f  33 p a t i e n t  s a m p l e s  
and  g i v e s  a mean o f  31 s e c o n d s  p e r  p a t i e n t ,  b u t  t h i s  f i g u r e  a l s o  
r e f l e c t s  t h e  t r a n s f e r  o f  p e r s o n n e l  r e s o u r c e s  f rom t h e  c a r d  s y s t e m  t o  
d a t a  p r e p a r a t i o n .  A more a c c u r a t e  f i g u r e  fo r  each  PID e n t r y  would be 
40-50 s e c o n d s ,  b u t  i n v a r i a b l y  the whole b a t c h  o f  33 was t imed and t h i s  
was n o rm a l ly  s h a re d  between two s t a f f  members ( a l though  n o t  n e c e s s a r i l y  
e q u a l l y ) .  The mean f i g u r e  s t a t e d  fo r  t h e  e l a p s e d  t i m e  f o r  t h e  b a t c h  
a l s o  i n c l u d e d  w a i t i n g  t ime where forms had been d e l i v e r e d  t o  the  VDUs 
w h i le  the  s t a f f  were o t h e r w i s e  occup ied .
2 . 3 . 2 . 3  D i s c u s s i o n
The r e s u l t s  i n  S e c t i o n  2 . 3 . 2 . 2  and Fig 13 dem o n s t r a te  t h a t  
improved methods  o f  p a t i e n t  d a t a  p r e p a r a t i o n  u s i n g  c o m m e r c i a l  f i l e  
h a n d l i n g  s o f t w a r e ,  t o g e t h e r  w i t h  im proved  a n a l y t i c a l  c a p a b i l i t y  
( f u r t h e r  d i s c u s s e d  in  S e c t i o n  2 . 4 ) ,  can c u t  a l m o s t  one  ho u r  f rom  t h e  
i n t r a - l a b o r a t o r y  a c t i v i t i e s  i n v o l v e d  i n  p r o c e s s i n g  r o u t i n e  p a t i e n t  
e l e c t r o l y t e s .  In p a r t i c u l a r ,  a major l i m i t a t i o n  i n  t h e  s p e e d  o f  d a t a  
p r e p a r a t i o n  h a s  b e e n  r e m o v e d ,  and has al lowed the  a c t i v i t y  to  p r o f i t  
from a r e - d i s t r i b u t i o n  o f  manpower r e s o u r c e s .  The o n l y  m a jo r  d i s ­
advan tage  o f  o n - l i n e  d a t a  p r e p a r a t i o n  i s  t h a t  i t  i s  w ho l ly  dependen t  on 
th e  d e p a r t m e n t a l  c o m p u t e r ,  b u t  on t h e  few o c c a s i o n s  when t h a t  has  
e i t h e r  f a i l e d  o r  been  c l o s e d  down f o r  p r e v e n t a t i v e  m a in tena nce ,  the
5 0 ,
s y s t e m  o f  o p e r a t i o n  has a l lowed  up to  s i x  t e r m i n a l s  t o  be u t i l i s e d  to 
f u r t h e r  r educe  the  t ime taken  to  e n t e r  a b a t c h  of  p a t i e n t  r e s u l t s  once  
th e  p r o c e s s o r  has been r e s t o r e d  to  f u l l  f u n c t i o n .
In  p a s s i n g ,  i t  s h o u l d  be n o t e d  t h a t  t h e  m a r k e d l y  skewed 
d i s t r i b u t i o n  o f  r e q u e s t s  p e r  p a t i e n t  i n v a l i d a t e s  the  use  o f  Gauss ian  
s t a t i s t i c s  to  d e s c r i b e  the  f i n d i n g s ,  in  c o n t r a s t  w i t h  a s i m i l a r  s t u d y  
by Holland  in  1969.
51.
2 .4  Automation o f  sample a n a l y s i s
The r e s u l t s  i n  S e c t i o n  2 . 1 . 2  (F ig  11) i n d i c a t e d  t h a t  fo r  
c a r d i a c  enzyme a n a l y s i s  in  GRI in  1976, over 50% o f  th e  t ime up t o  t h e  
p o i n t  a t  w h ic h  a r e p o r t  was a v a i l a b l e  was t a k e n  up by work a t  the  
l a b o r a t o r y  bench .  The r e m a in d e r  o f  t h i s  C h a p t e r  w i l l  . foc us  on t h a t  
a r e a  o f  t h e  o v e r a l l  t u r n r o u n d  where  m o s t  work h a s  b e e n  done  i n  
improving th ro u g h p u t  - t h e  a n a l y t i c a l  equ ipment.  There a r e  t h r e e  m a jo r  
ty p e s  of  a n a l y s e r  - c o n t i n u o u s  f low,  d i s c r e t e  and c e n t r i f u g a l ,
2 , 4 . 1 .  Continuous  f low A na lys i s
The co n ce p ts  o f  c o n t in u o u s  f low a n a l y s i s  were f i r s t  s t a t e d  by 
Skeggs i n  1957. He d e s c r i b e d  the  b a s i c  p r i n c i p l e s  o f  c o n t i n u o u s - f l o w  
a n a l y s i s ,  t h e  d e s i g n  o f  the  sampler ,  pump, d i a l y s e r ,  h e a t in g  b a t h  and 
c o l o r i m e t e r  and t h e i r  a p p l i c a t i o n  t o  a n a l y s i s  o f  u r e a  n i t r o g e n  a t  
s a m p l i n g  r a t e s  o f  20 t o  40 s a m p l e s  p e r  h o u r .  A b l o c k  d iagram o f  a 
t y p i c a l  c o n t in u o u s  f low a n a l y s e r  i s  shown i n  F i g u r e  14.  Skeggs  a l s o  
c o n s i d e r e d  t h e  r a t e - l i m i t i n g  s t e p s  i n  c o n t i n u o u s  f low a n a l y s i s  and 
l i s t e d  t h e s e  a s  d i a l y s i s  (and i n  p a r t i c u l a r  t h e  l a g  t i m e  f o r  t h e  
c e l l o p h a n e  membrane t o  a d j u s t  t o  t h e  new e q u i l i b r i u m )  , c a r r y o v e r  of  
chromogen from one r e a c t i o n  m ix tu re  t o  the  n ex t  w i t h i n  h i s  60 0 u l  f l o w  
c e l l ,  and the  s t a b i l i t y  and r e g u l a r i t y  of  the  bubb le s  i n j e c t e d  i n t o  the  
f l u i d i c  sys tem.  Skeggs a l s o  claimed s u p e r i o r i t y  o f  r e s u l t s  f rom h i s  
a u to m a t ic  a n a l y s e r  over the  then  c u r r e n t  manual methods o f  a n a l y s i s  and 
b e t t e r  r e l i a b i l i t y  in  the  longer  te rm. S ince  t h a t  t ime t h i s  c l a im  has 
b e e n  w e l l  s u b s t a n t i a t e d  (T h ie r s  and Oglesby,  1964; N e i l l  and Doggar t ,  
1969).
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Over th e  n e x t  t e n  y e a r s  t h e  v a r i e t y  o f  d e t e c t o r s  t o  w h ich  
t h i s  u n i q u e l y  f l e x i b l e  sample p r o p o r t i o n i n g  and d e l i v e r y  system cou ld  
be l i n k e d  by c l i n i c a l  c h e m is t s  was in c r e a s e d  t o  i n c l u d e  a t o m i c  a b s o r ­
p t i o n  s p e c t r o p h o t o m e t e r s  (Kle in  e t  a l ,  1966),  f lame pho tom ete rs  (Levine 
and L a r r a b e e ,  1966),  f l u o r i m e t e r s  (Breen and M a r s h a l l ,  1966) and i n t e r ­
m e d i a t e  m o d u l e s  l i k e  t h e  d i g e s t o r  f o r  p r o t e i n - b o u n d  i o d i n e .  I t  was 
however n o t  u n t i l  t h e  w i d e - s p r e a d  i n t r o d u c t i o n  o f  t y p e  C d i a l y s i s  
m e m b ra n e s ,  t u b u l a r  f low c e l l s  and a more p r e c i s e  sam p le r ,  the  Sampler 
I I ,  t h a t  s i n g l e - c h a n n e l  methods began to  reac h  th ro u g h p u t  r a t e s  o f  60/h 
( i n  t h e  mid-1960s  40/h  was s t i l l  the  common sampl ing  r a t e  (Levine and 
L a r r a b e e ,  1966; Mabry e t  a l ,  1 9 6 6 ) ) .  M u l t i - c h a n n e l  a n a l y s e r s  were  
b e i n g  m a n u f a c t u r e d  d u r i n g  t h i s  p e r i o d  w i t h  an e i g h t - c h a n n e l  SMA 
( S e q u e n t i a l  M u l t i p l e  Analyser )  system i n  1 963 and  an SMA-12 i n  1965 
(S k e g g s  and  H o c h s t r a s s e r  1966) o p e r a t i n g  a t  3 0 / h ,  w i t h  t h e  6 0 /h  
v e r s i o n s  becoming a v a i l a b l e  in  the  UK i n  1968 /69  ( N e i l l  and D o g g a r t ,  
1969) .
The l a t e  1960s and e a r l y  70s a l s o  saw c l i n i c a l  c h em is t s  who, 
t h r o u g h o u t  t h i s  p e r i o d  had e n c o u n t e r e d  s t e e p l y  r i s i n g  w o r k l o a d s  
( F i g u r e  2) , d e v e l o p  an i n t e r e s t  in  how f a s t  c o n t in u o u s  f low a n a l y s i s  
co u ld  be made t o  p e r fo rm .
The consequences  o f  a t t e m p t in g  to  run the  a n a l y s e r s  a t  h ighe r  
speed  were w e l l  known. Because o f  leakage  o f  m a t e r i a l  from one segment 
o f  t h e  r e a c t i o n  m ix tu re  t o  a n o t h e r ,  con t inuous  f low sys tems had always
53,
shown a d i s t o r t i o n  o f  the  p e r f e c t  square wave p a t t e r n  which might  have 
been e x p e c t e d .  (F igure  15(i)  and ( i i ) ) .  While i t  was n o t  n e c e s s a r y  t h a t  
t h e  ' s t e a d y  s t a t e '  o r  p l a t e a u  be a c h i e v e d ,  (F ig  15 i i i )  i t  was 
n e c e s s a r y  t h a t  a l l  samples reach  the  same p e r c e n t a g e  o f  t h i s  u l t i m a t e  
p l a t e a u  h e i g h t  so  t h a t  r e s u l t s  could  be c a l c u l a t e d  from the  s t a n d a r d  
m a t e r i a l s  w i t h i n  the  b a t c h .  Reduct ion  in  sampl ing t i m e s  c a u s e  s e n s i ­
t i v i t y  and  p r e c i s i o n  p r o b l e m s  and r e d u c t i o n  in  wash t ime caused  the  
chromogenic  m a t e r i a l  from samples of  h igh  a n a l y t e  c o n c e n t r a t i o n  t o  t a i l  
b a c k  a c r o s s  t h e  wash s e g m e n t s  i n t o  t h e  sam ple  s egm en ts  o f  the  n e x t  
s a m p le  i n  t h e  b a t c h  and  p r o d u c e  t h e  c h a r a c t e r i s t i c  l o s s  o f  peak  
d e f i n i t i o n  f o r  the  second peak known as c a r ry o v e r  (F igure  15 ( i v ) ) .
T h i s  p e r i o d  saw a s u c c e s s i o n  o f  p a p e r s  p u b l i s h e d  on t h e  
t h e o r e t i c a l  k i n e t i c s  o f  con t inuous  f low a n a l y s i s  (Th ie r s  e t  a l ,  1967; 
Neumann and F i s c h e r ,  1969; Walker e t  a l ,  1970; Begg 1971;  F l e c k  e t  a l  
1971;  T h i e r s  e t  a l ,  1971;  Walker  e t  a l ,  1971) aimed a t  i n v e s t i g a t i n g  
the  c a u s e s  o f  c a r r y o v e r  in  terms o f  th e  p r o p e r t i e s  o f  t h e  l i q u i d s  i n  
t h e  s t r e a m ,  and  a t  i d e n t i f y i n g  the  phases  of  the  f i n a l ,  t y p i c a l  Auto 
Analyser  peak and d e s c r i b i n g  th e s e  m a th e m a t ic a l ly  i n  t h e  b e l i e f  t h a t  
a p p l i c a t i o n  o f  c a r r y o v e r  c o r r e c t i o n  fo rm u lae  t o  the  analogue  s i g n a l  
would r e s o l v e  t h e  m erged  p e a k s  o f  F i g u r e  1 5 ( iv )  and  p e r m i t  h i g h e r  
t h r o u g h p u t  ( S t r i c k l e r  e t  a l  1970; T h ie r s  e t  a l  1970).
The a p p r o a c h  t o  t h e s e  p r o b l e m s  in  t h e  a u t h o r s  l a b o r a t o r y  
c e n t r e d  a r o u n d  t h e  p h y s i c a l  l i m i t a t i o n s  o f  t h e  modules  o f  the  ana­
l y t i c a l  system d e p i c t e d  in  F igure  14,
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2 . 4 . 1 . 1  Sampler
The f u n c t i o n  o f  a s a m p l e r  I s  t o  e x t r a c t  a f i x e d  volume of  
m a t e r i a l  from a sequence o f  cups .  The p r e c i s i o n  w i th  which t h e  sam ple  
vo lum e i s  wi thdrawn depends on the  l e n g th  of  t ime fo r  which the  sample 
p robe  remains  w i t h i n  the  sample volume. A number o f  f a c t o r s  i n f l u e n c e  
t h i s  p r e c i s i o n ,  i n c l u d i n g  t h e  p r o p o r t i o n i n g  pump ( s in c e  th e  sample 
a s p i r a t i o n  r a t e ,  w h ic h  i s  a s sum ed  t o  be c o n s t a n t ,  w i l l  v a r y  w i t h  
i n f e r i o r  pump performance)  and the  v e l o c i t y  o f  the  probe arm ( s in c e  a 
slow probe  arm w i l l  a c c e n t u a t e  d i f f e r e n c e s  i n  s a m p le  volume b e tw e e n  
c u p s  f i l l e d  t o  d i f f e r e n t  l e v e l s ) .  A major f a c t o r ,  however w i l l  be the  
a c c u r a c y  o f  th e  t iming  d e v ic e  used to  c o n t r o l  the  sam ple r .
S t u d ie s  by Young e t  a l ,  1968, and Fr iedman,  1970 had r e p o r t e d  
i m p r e c i s i o n  f i g u r e s  f o r  d i f f e r e n t  A u t o a n a l y s e r  cams a t  t h e  common 
s a m p l i n g  r a t e s  b u t  had  n e i t h e r  r e l a t e d  t h e s e  d i r e c t l y  to  a n a l y t i c a l  
r e s u l t s ,  nor i n v e s t i g a t e d  the  e f f e c t  on sampling r a t e s  o f  g r e a t e r  t h a n  
7 0 / h .  S i n c e  t h e  d e p a r t m e n t  was i n t e r e s t e d  in  sampl ing  r a t e s  of  over 
100 s a m p le s /h  a p r o j e c t  was begun w i th  the  Group P a t h o l o g y  L a b o r a t o r y  
i n  Warw ick  t o  d e t e r m i n e  t h e  d e g r e e  o f  i m p r e c i s i o n  a t t r i b u t a b l e  to  
sampling v a r i a t i o n  a t  h igh  speed and the remedies a v a i l a b l e .
2 . 4 . 1 . 1 . 1  M a t e r i a l s  and Methods
A s t a n d a r d  T e c h n i c o n  Sampler  I I  i s  d r i v e n  by a 10 r  p h 
motor l i n k e d  t o  a r o t a t i n g  cam. Since one r e v o l u t i o n  o f  the cam t a k e s  
s i x  m i n u t e s ,  a number o f  lobe s  a r e  p rov ided  on each  cam, co r re s p o n d in g  
t o  t h e  number o f  s a m p l i n g  c y c l e s  w i t h i n  a 6 m i n u t e  p e r i o d .  The
55
g e o m e t r y  o f  t h e  cam, t h e  s u c c e s s i v e  l o b e s  o f  w h ic h  h o l d  c l o s e d  a 
m ic ro sw i tch  on the  sampler  l i n k e d  to  the  probe m e c h a n i s m ,  i s  c r i t i c a l  
i n  c o n t r o l l i n g  th e  sampl ing t ime and hence th e  volume o f  sample t a k e n .  
E c c e n t r i c i t y  o f  the  cam, or  o f  the  s p in d le  d r i v i n g  th e  cam, o r  u n e q u a l  
l e n g t h s  o f  th e  c o n t a c t - c l o s i n g  chords  of the  cam lo b e s  w i l l  a f f e c t  the  
sampling p r e c i s i o n .
V a r i a t i o n  in  sample t im ing  was measured i n  two ways.  F i r s t ,  
an advance E l e c t r o n i c s  t im e / c o u n te r  was connec ted  t o  th e  m ic ro s w i tch  o f  
t h e  s a m p l e r  t o  m e a s u r e  c o n t a c t  c l o s u r e  t ime d i r e c t l y .  Secondly ,  to  
s i m u l a t e  more e x a c t l y  the  movement o f  the  sampler  p robe  i n t o  t h e  c u p s ,
t h e  wash r e c e p t a c l e  o f  t h e  sampler  was f i l l e d  w i th  mercury ,  as  was a
beaker  which r e p l a c e d  th e  sample cup.  Wires from b o t h  m e r c u r y  p o o l s ,  
and f rom  t h e  p r o b e  were l e d  to  the t imer and the  a c t u a l  sampling time 
m e asu re d ,
2 . 4 . 1 . 1 . 2  R e s u l t s
The r e s u l t s  a r e  su m m a r is e d  in  co lu m n s  2 to  5 in  Table  15. 
Each cam t e s t e d  showed s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  
l o b e s  a t  t h e  0.1% l e v e l  f o r  b o th  c o n t a c t  c l o s u r e  and mercury c o n t a c t  
methods us ing  a n a l y s i s  o f  v a r i a n c e .  As an example t h e  sample and wash 
t i m e s  f o r  e a c h  l o b e  o f  t h e  100 samples /h  cam a r e  summarised in  Table 
16. From t h i s  i t  i s  c l e a r  t h a t  each lobe i s  more p r e c i s e  by a t  l e a s t
one o rd e r  of  magnitude than  the  cam.
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TABLE 16
Mean sample and wash t im es  f o r  each  lobe  o f  a 100/h cam, 
u s in g  t h e  c o n t a c t  c l o s u r e  method o f
t im in g
Cam lo be  Sampling t ime Wash t ime
Mean SD CV - Mean SD CV
1 26.0 0 .04 0.15% 10.1 0.03 0.3%
2 26 .3 0 .05 0.19% 10.0 0.07 0.7%
3 24.3 0.02 0.08% 11.6 0.04 0.3%
4 24.5 0.02 0.08% 12.3 0.02 0.2%
5 25.8 0.03 0.11% 10.2 0.01 0.1%
6 25.2 0.02 0.08% 10.7 0,01 0.1%
7 26 .3 0.01 0.04% 9.3 0.01 0.1%
8 25 .3 0.03 0,12% 10.3 0 .02 0.2%
9 25.1 0.04 0.16% 10.8 0 .03 0.3%
10 26.2 0 .04 0.15% 10.3 0.05 0.5%
OVERALL 25.5 0.71 2.8% 10.6 0.81 7.6%
A l l  r e s u l t s based on 8 r e p l i c a t e t i m in g s  p e r  lo b e
56,
2 . 4 . 1 . 1 . 3  D iscu ss io n
The t h e o r e t i c a l  e f f e c t  t h a t  t h e s e  bad ly  c u t  l o b e s  might  be 
e x p e c te d  t o  p ro d u c e  a r e  i n d i c a t e d  by F i g u r e  16.  From T a b l e  16 t h e  
e x p e c t e d  range  o f  sampling t imes  between l o n g e s t  and s h o r t e s t  i s  2 . 8 s ,  
t h a t  i s ,  fo u r  t imes  the  o v e r a l l  s t a n d a r d  d e v i a t i o n .  From F igu re  16, the  
c l o s e r  one  a p p r o a c h e s  s t e a d y  s t a t e ,  the l e s s  d i f f e r e n c e  a 2 .8s  range 
w i l l  make to  the  f i n a l  h e i g h t  o f  t h e  A u t o a n a l y s e r  t r a c e ,  b u t  a t  100 
s a m p l e s / h  where  one c a n  e x p e c t  t o  be a t  l e s s  t h a n  90% o f  p l a t e a u  
v a l u e ,  th e  e f f e c t  on p r e c i s i o n  s h o u l d  be n o t i c e a b l e .  The p r a c t i c a l  
c o n s e q u e n c e s  o f  t h i s  e f f e c t  a t  h igh  sampling r a t e s  i s  shown in  F igure  
17, w here  d a t a  f rom  an  8 0 / h  a l b u m in  a n a l y s i s  u s i n g  t h e  immuno­
p r é c i p i t a t i o n  t e c h n i q u e  o f  W e g f a h r t  e t  a l  (1970) i s  g raphed .  On an 
e x t e n d e d  r u n  o f  r e p l i c a t e s  i t  i s  n o t i c e a b l e ,  d e s p i t e  t h e  o v e r a l l  
downward d r i f t  in  the  sys tem,  t h a t  every  8th  peak i s  low.
This  low peak co r responded  e x a c t l y  t o  t h e  c o m b i n a t i o n  o f  a 
p a r t i c u l a r l y  b a d l y - c u t  lobe  and an u n u s u a l ly  long wash segment on th e  
8 0 / h r  cam u s e d  i n  t h e  t i m i n g  s t u d y  o f  T a b l e  15.  The e f f e c t  o f  
e x c lu d in g  d a t a  from the  s u s p e c t  lobe i s  shown in  Table  17. The r e s u l t s  
i n d i c a t e  a mean d i f f e r e n c e  due t o  cam e r r o r  o f  2 g / 1  o r  5%. The same 
cam was t h e n  s e n t  t o  c o l l e a g u e s  i n  Warwick where i t  was used in  the  
measurement o f  ca lc ium  by Technicon method N3b and  o f  sod ium  u s i n g  a 
T e c h n i c o n  Mk IV f l a m e  p h o t o m e t e r .  Both  methods ,  d e s p i t e  r e a c h in g  a 
h ighe r  p e r c e n ta g e  of  the  s t e a d y - s t a t e  r ead ing  than  t h e  a l b u m i n  method
U R E A
24s,100/h
p70
90
T i m e
FIGURE 16 The e f f e c t  o f  sampl e r  t i ming on a n a l y t i c a l  r e s u l t s .
The cu rves  a r e  redrawn from a c h a r t  r e c o r d  o f  t he  urea 
method,  a s p i r a t i n g  the  same specimen (a)  c o n t i n u o u s l y ,  
(b) a t  40 sampl es /h  and (c)  a t  100 s ampl es /h
70-
60—
AI  b u mi n m m u n o p r e c i p i t a t i o n
[26
30“
2 0 -
Time
FIGURE 17 Albumin by Im m u n op ré c ip i ta t io n .
The t r a c e  shows a pooled serum a s p i r a t e d  a t  80 samples/h  
A shor t  lobe on the cam (Table  17) genera tes  a low 
peak on every e ig h th  r e p l i c a t e .
TABLE 17
Albumin by im m u n o p réc ip i ta t io n  
E f f e c t  o f  one b a d l y - c u t  lo be  o n a n  80/h  cam
Group C on te n t No Mean g /1 SD g /1 CV
1 A l l  r e s u l t s 30 38.9 0 .9 2.4%.
2. A l l  r e s u l t s  
e x c l u d in g  s u s p e c t  lobe 26 39.2 0 .5 1.4%
3 S u s p e c t  lo b e  r e s u l t s 4 26 .9 0 .4 1 .0%
Group 3 V Group 1, t  = 4.34  p < 0.001 
Group 3 V  Group 2 ,  t =  8.73  p < 0.001
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showed a h i g h  c o r r e l a t i o n  between sampling t ime and r e s u l t  (p < 0,01) 
and a s i g n i f i c a n t  v a r i a t i o n  i n  r e s u l t s  due t o  d i f f e r e n c e s  b e tw ee n  
l o b e s .
I t  was c o n c l u d e d  t h a t  the  Technicon cams were u n r e l i a b l e  a t  
th ro u g h p u t  r a t e s  g r e a t e r  than  60/h and t h a t  a b e t t e r  m e thod  o f  t r i g ­
g e r i n g  th e  sampler  must be s o u g h t .  Other samplers  were c o n s i d e r e d ,  b u t  
exam ina t ion  by Owen and Stevens  (pe rsona l  communication) had shown t h a t  
a r a n g e  o f  c o m m e r c i a l  s a m p l e r s  e x h i b i t e d  u n s a t i s f a c t o r y  p r e c i s i o n  a t  
sampl ing t imes  o f  l e s s  than  30 s e c .
Young e t  a l ,  1970 recommended rep lacem en t  o f  the  10 rph motor 
by a 1 rpm motor and gea r  t r a i n  us ing  a cam w i t h  a s i n g l e  n o t c h ,  f o r  
im p ro v ed  p r e c i s i o n  a t  50 sam ples /h  and i t  i s  c l e a r  from Table  16 t h a t  
each  lo be  o f  the  cam per fo rm s  r e p r o d u c i b ly  and w i th  a v e ry  much s m a l l e r  
s t a n d a r d  d e v i a t i o n  th a n  the  complete cam. Other a u t h o r s  r e p l a c e d  the  
cam by a synchronous  motor (Evenson and O l s e n ,  197 2) b u t  i t  was f e l t  
t h a t  t h e  de m o n s t r a b le  p r e c i s i o n  o f  e l e c t r o n i c  t iming  might  o f f e r  a way 
o f  improv ing the  performance  even o f  a h ig h - sp eed  a n a l y s e r  a t  m o d e r a t e  
c o s t s ,  and  a l l o w  b e t t e r  f l e x i b i l i t y  o f  s a m p l e / w a s h  r a t i o  t h a n  the  
o r i g i n a l  cams.  A c c o r d i n g l y ,  a p r o t o t y p e  e l e c t r o n i c  t i m e r  was c o n ­
s t r u c t e d  t o  t h i s  d e p a r t m e n t ' s  s p e c i f i c a t i o n  (Decade P rocess  Timer DRT 
24 -  S h e n n a n t o n  E l e c t r o n i c s  L t d ,  Church  S t r e e t ,  K i rk co w an ,
W i g to v m s h i r e )  and f i t t e d  to  a Technicon sampler  I I  by a method s i m i l a r  
t o  t h a t  used  by Johnson (1969) .  ( f i g u r e  18) , The p e r f o r m a n c e  o f  t h e  
com bined  s a m p l e r  I I  and  t i m e r  were  e v a l u a t e d  in  the  same way as  the
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o r i g i n a l  u n i t ,  u s ing  th e  c o n t a c t  c l o s u r e  method o n l y ,  s i n c e  the  r e s u l t s  
from Table  15 were s i m i l a r  in  both  methods,  i n d i c a t i n g  t h a t  p la y  i n  the 
p r o b e  t r a n s p o r t  m echan ism  d o e s  n o t  c a u s e  s i g n i f i c a n t  v a r i a t i o n  in  
t im in g .  The r e s u l t s  a r e  shown in column 6 o f  T a b l e  15 and  i n d i c a t e  
t h a t  s u c h  a t im er  i s  more p r e c i s e ,  n o t  on ly  than the  complete cam, bu t  
a l s o  than  any s i n g l e  lo b e  o f  any  cam. Moreover  t h e  p r e c i s i o n  o f  t h e  
u n i t  im proved  a s  the  sampling  t ime d e c re a s e d ,  and the  sample and wash 
t imes  c o u ld  be v a r i e d  in d e p e n d e n t ly  by one-second i n c r e m e n t s  o v e r  t h e  
r a n g e  f ro m  0 -9 9  s e c o n d s .  The r e s u l t s  of  the  t im ing  s tudy  were l a t e r  
p u b l i s h e d  by McLelland,  F le c k ,  W ags ta f f ,  and Robinson , (1 9 7 5 ) .
2 . 4 . 1 . 2  Pumps
The p r im e  f u n c t i o n  o f  t h e  pump module in  a con t in u o u s  f low 
system i s  t o  p r o v id e  t h e  d r i v i n g  f o r c e  t o  move t h e  f l u i d s  a l o n g  t h e  
t u b i n g .  I t  must pump even ly  and c o n s i s t e n t l y  so t h a t  sample ,  r e a g e n t s ,  
and a i r  may be p r o p e r l y  p r o p o r t i o n e d  w i th i n  the  c o n t in u o u s  f low system.
S tandard  p r o p o r t i o n i n g  pumps o p e r a t e  by com ple te ly  o c c lu d in g  tub ing  o f  
v a r i o u s  i n t e r n a l  d i a m e te r s  so t h a t  the  volumes d e l i v e r e d  by t h e  pump 
r o l l e r s  s q u e e z i n g  t h e  f l u i d s  t o  the  d e l i v e r y  end o f  the  pump w i l l  be 
p r o p o r t i o n a l  to  the  s q u a re  o f  the  i n t e r n a l  d iam ete r  o f  the  pump t u b i n g .
Sample  i n t e g r i t y ,  d u r i n g  d i a l y s i s  fo r  i n s t a n c e ,  depends on 
e x a c t l y  comparab le  f low r a t e s  on each s i d e  o f  t h e  d i a l y s e r  membrane ,  
b u t  i t  i s  c l e a r  t h a t  t h e  r e s i s t a n c e  o r  back p r e s s u r e  from the  ana ­
l y t i c a l  m o d u l e s  beyond  a d i a l y s e r  w i l l  be d i f f e r e n t  s i n c e  t h e  
p r o t e i n - r i c h  s t r eam  goes  d i r e c t l y  to  was te  a t  a t m o s p h e r ic  p r e s s u r e .  I t
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was t h e r e f o r e  t h o u g h t  v a l u a b l e  to  d e v i s e  a t e s t i n g  p r o c e d u r e  t o  
e v a l u a t e  r e p r o d u c i b i l i t y  o f  volume d e l i v e r y  under load  and t o  e s t i m a t e  
th e  c o n t r i b u t i o n  o f  each  a n a l y t i c a l  module to  the  back p r e s s u r e  on the  
pump, p a r t i c u l a r l y  s i n c e  the  p o s s i b i l i t y  o f  back f l o w  o r  ' p u l s i n g '  i n  
t h e  s y s t e m  had a l r e a d y  been d e s c r ib e d  (Neumann and F i s c h e r ,  1969) and 
i t  had been  p r e d i c t e d  t h a t  the  consequences o f  t h i s  type  o f  a r t i f i c i a l  
l e n g t h e n i n g  w ou ld  i n c l u d e  an i n c r e a s e  i n  the  c a r r y o v e r  c h a r a c t e r ­
i s t i c s  o f  t h e  system (Fleck e t  a l ,  1971).  Moreover,  the  e l a s t i c i t y  of  
t h e  a i r  b u b b l e s  u s e d  t o  s e g m e n t  t h e  r e a g e n t  s t r eam  and so scour th e  
w a l l s  o f  t h e  t u b i n g  t o  m i n i m i s e  t h e  t r a n s f e r  o f  m a t e r i a l  f rom  one 
s e g m e n t  o f  the  s t r eam  t o  the  n e x t  might  be expec ted  to  cause  p u l s a t i o n  
a t  bubble  a d d i t i o n  and removal  p o i n t s  and in  r e sponse  t o  the  e x c e s s iv e  
p r e s s u r e  b u i l d  up w i t h i n  the  a n a l y t i c a l  modules.
2 . 4 . 1 . 2 . 1  M a t e r i a l s  and Methods
The s imple  c i r c u i t  d ev i sed  to  compare the  e f f e c t s  o f  a number 
o f  d i f f e r e n t  c o n t in u o u s  f low modules i s  shown in  F i g u r e  19, w i t h  t h e  
u n i t  under  t e s t  in t ro d u c e d  a s  the  Unit  A in  the  c i r c u i t .  A j u n c t i o n  in  
the  d i l u e n t  s t r e a m  le d  to  a v e r t i c a l  s e c t i o n  o f  t u b i n g  c a l i b r a t e d  in  
c e n t i m e t r e s .  Opening the  clamp B al lowed the  water  from the  c i r c u i t  to  
r i s e  up t h e  t u b i n g ,  and when e q u i l i b r i u m  was ach ieved  the  head o f  f l u i d  
was t a k e n  a s  t h e  back p r e s s u r e  o f  the system on the  pump.
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2 . 4 . 1 , 2 . 2  R e s u l t s  and D iscu ss io n
The r e s u l t s  f o r  a number o f  s t a n d a rd  c o n t in u o u s  f low modules 
a re  i n d i c a t e d  i n  T a b l e  18 ,  show ing  t h a t  t h e  p r i m a r y  c a u s e  o f  back  
p r e s s u r e  among the  components of  the  system i s  th e  tu b in g  l e n g t h  w i t h i n  
t h e  m o d u l e .  The t e s t  c i r c u i t  a l s o  p r o v e d  u s e f u l  i n  e x a m i n i n g  
v a r i a t i o n s  i n  back  p r e s s u r e  d u r i n g  t h e  pumping c y c l e ,  and  a l s o  a t  
v a r y i n g  pump s p e e d s .  I t  was n o t e d  t h a t  t h e r e  was a c o n s i s t e n t  
v a r i a t i o n  o f  2.8 cm o f  w ate r  d u r ing  the  pumping c y c l e  and t h a t  t h i s  was 
a t  a minimum as  each r o l l e r  l i f t e d  from the  tub ing  and a l lo w e d  a s m a l l  
am ount o f  p r e s s u r e  d r o p .  As e x p e c t e d ,  i n c r e a s i n g  t h e  pump s p e e d  
in c r e a s e d  the back p r e s s u r e  on the  system a p p r o x i m a t e l y  l i n e a r l y  w i t h  
pump m o to r  r h e o s t a t  s e t t i n g ;  ( T a b le  18) and b o t h  l e n g t h  and  f l u i d  
v e l o c i t y  e f f e c t s  a r e  c o n s i s t e n t  w i th  a r e t a r d a t i o n  o f  t h e  p a s s a g e  o f  
th e  a i r - s e g m e n te d  s t r eam  th rough  the  c i r c u i t  caused  by f r i c t i o n  a g a i n s t  
th e  tub ing  w a l l s  -  the  s u r f a c e  e f f e c t s  c o n s id e r e d  by Chaney (1968).
The e f f e c t  o f  a i r  s e g m e n t a t i o n  i t s e l f  was a l s o  s t u d i e d  
th rough  t h i s  c i r c u i t  and  i t  was fo u n d  t h a t  t h e  i n t r o d u c t i o n  o f  a i r  
b u b b l e s ,  w h ich  a r e  c r u c i a l  i n  m i n i m i s i n g  c a r r y o v e r  w i t h i n  the  con­
t i n u o u s  f l o w  s y s t e m  a d d e d  g r e a t l y  t o  t h e  m e a s u r a b l e  back  p r e s s u r e  
(Table 18). This  f i n d i n g  conf irmed some o f  the  work o f  Chaney (1968).
F i n a l l y ,  th e  f l u i d  loa d  i n d i c a t e d  by the  f i n d i n g s  in  Table 18 
w ere  u s e d  d i r e c t l y  t o  p ro v id e  a b a c k - p r e s s u r e  e q u i v a l e n t  to  a d o u b le ­
c o i l  h e a t in g  b a th  in  t e s t i n g  the  r e p r o d u c i b i l i t y  o f  d e l i v e r y  b o t h  w i t h
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and w i t h o u t  a i r - s e g m e n t â t  ion  o f  a v a r i e t y  o f  tu b in g  s i z e s  on a number 
o f  pumps t h o u g h t  s u i t a b l e  f o r  i n c o r p o r a t i o n  i n t o  c o n t i n u o u s  f lo w  
systems o f  th e  p e r i o d  (F leck  e t  a l ,  1972).
2 . 4 . 1 . 3  D i a l y s i s
One o f  t h e  a d v a n t a g e s  o f  c o n t i n u o u s  f l o w  s y s t e m s  o v e r  
d i s c r e t e  a n a l y s i s  i s  o n - l i n e  d i a l y s i s ,  w h ich  r em o v e s  p o t e n t i a l l y  
i n t e r f e r i n g  m a c r o m o l e c u l e s  and c e l l u l a r  d e b r i s  f rom t h e  r e a c t i o n  
m ix tu r e .  Continuous  f low a n a l y s i s  has  t r a d i t i o n a l l y  u s e d  c o n c u r r e n t  
d i a l y s i s  where a t  most  o n ly  50% o f  th e  a n a l y t e  w i l l  d i f f u s e  th rough  the  
semi-permeable membrane s e p a r a t i n g  th e  d i a l y s i s  p l a t e .  Skeggs no ted  in  
h i s  o r i g i n a l  p a p e r  i n  19 57 t h a t  t h e  f lo w  r a t e s  shou ld  be matched as 
even ly  as p o s s i b l e  l e s t  d i f f e r e n t i a l  p r e s s u r e s  on e i t h e r  s i d e  o f  t h e  
f l e x i b l e  membrane d i s t e n d  i t  and produce i n e q u a l i t i e s  in  p r o p o r t i o n i n g  
of  th e  f l u i d s .  The e q u a t io n  govern ing  t r a n s f e r  o f  m a t e r i a l  a c r o s s  t h e  
d i a l y s e r  i s  t h a t  o f  P i c k ' s  F i r s t  Law
k  =  A t  D  ( C j  -  C ^ )
where k = t o t a l  amount a c r o s s  d i a l y s e r  in  moles 
A = Area o f  d i f f u s i o n  in  cm^ 
t  -  t ime o f  d i a l y s i s  i n  seconds 
d = d i f f u s i o n  c o e f f i c i e n t  i n  cra^s” ^
= c o n c e n t r a t i o n  o f  a n a l y t e  in donor steam (mole cc“ ^)
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= c o n c e n t r a t i o n  o f  a n a l y t e  in  r e c i p i e n t  s t r eam  
ô x  = th i c k n e s s  o f  the  d i a l y s e r  membrane in  cm.
S i n c e  i n c r e a s i n g  the  sampling r a t e  w i l l  reduce  the  e f f e c t i v e  
m ax im al  c o n c e n t r a t i o n  o f  a n a l y t e  in  t h e  donor s t r e a m ,  C - j ,  a l o s s  o f  
s e n s i t i v i t y  can be e x p e c t e d .  To i n c r e a s e  s e n s i t i v i t y ,  a com bina t ion  of  
lower f low r a t e  ( to  p ro lo n g  d i a l y s i s  t ime) and i n c r e a s e d  t e m p e r a t u r e ,  
( s i n c e  the  d i f f u s i o n  c o e f f i c i e n t  v a r i e s  d i r e c t l y  w i th  t e m p e r a t u r e )  may 
be c o n s i d e r e d .  L a t e r  work by Torrance  (1978) d i r e c t l y  r e l a t e d  t o  the  
c o n s t r u c t i o n  o f  a h i g h - c a p a c i t y  e l e c t r o l y t e  a n a l y s e r  i n  t h e  a u t h o r ' s  
l a b o r a t o r y  confi rmed  th e s e  c o n c l u s i o n s  e x p e r i m e n t a l l y ,
2 , 4 , 1 , 4 ,  Flow c e l l / P h o t o m e t r y
One o f  t h e  main  i d e n t i f i a b l e  cau s es  o f  c a r r y o v e r  w i t h i n  th e  
e a r l y  c o n t in u o u s - f l o w  system was the  d e a d  s p a c e  w i t h i n  t h e  d e b u b b l e r  
u n i t  o f  t h e  T e c h n i c o n  c o l o r i m e t e r  (H abig  e t  a l ,  1969; Walker e t  a l ,  
1970; F leck  e t  a l ,  1971) ,  s in c e  removal o f  the  a i r  b u b b l e s  a l l o w s  t h e  
s e g m e n t s  o f  t h e  r e a c t i o n  s t ream  to  mix t o g e t h e r ,  p r i o r  t o  be ing  drawn 
th rough  the  flow c e l l .  H ab ig  and c o l l e a g u e s  (1969) e x p e r i m e n t a l l y  
e l i m i n a t e d  t h e  n e e d  f o r  debubb l ing  by m on i to r ing  f l o w c e l l  conduc tance  
and d e a c t i v a t i n g  the  o u t p u t  s i g n a l  when i t  was e v i d e n t  t h a t  a b u b b l e  
was p r e s e n t  in  the  f low c e l l .  Neeley and coworkers  (1974) ach ieved  the  
same end us ing  an e l e c t r o n i c  c i r c u i t  w h ic h  c o m p ared  s i g n a l s  on t h e  
b a s i s  o f  t h e i r  d u r a t i o n  and cons tancy  and p assed  to  the  r e c o r d e r  o n ly  
th o se  s i g n a l s  which ex c lu d ed  the  p r e s e n c e  o f  b u b b l e s .  By t h i s  means
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t h e y  were a b l e  t o  r e p o r t  a  c o n t in u o u s  f low g lu c o s e  method running  a t  
150 s a m p l e s / h .  T h i s  t e c h n i q u e  has  b e e n  u sed  t o  a d v a n t a g e  i n  t h e  
Technicon SMAC and Rank H i lg e r  Chemispek a n a l y s e r s .
2 . 4 . 1 . 5  F l u i d i c s
The d i s t o r t i n g  e f f e c t  of  s t ro n g  a l k a l i  on th e  r i s e  cu rve  o f  
c o n t in u o u s  f low a n a l y s e s  had a l s o  long b e e n  r e c o g n i s e d  ( F l e c k  e t  a l ,  
1971} and by the  e a r l y  1970s i t  was c l e a r  t h a t  the  t o t a l  p a t h  l e n g t h  of  
th e  system was im p o r tan t  i n  producing c a r r y o v e r  (Begg, 1971).  F u r t h e r  
work by Torrance  (1978) summarised the  a d d i t i o n a l  f l u i d i c  e f f e c t s ,  such 
as  th e  l e n g t h  of  the  sample t u b e  and d i a l y s e r  s i z e ,  w h ic h  i n c r e a s e  
c a r r y o v e r  w i t h i n  the  sys tem .
Where a d eb u b b le r  i s  used ,  a smal l  dead volume and f a s t  f low 
r a t e  th rough  the  f low  c e l l  w ere  a l s o  r e p o r t e d  t o  r e d u c e  c a r r y o v e r .  
(Habig e t  a l ;  1970, Tweedie , 1973).
I t  was d e m o n s t r a te d  (Pennock e t  a l ,  1973) t h a t  c o n s i d e r a t i o n  
o f  such  f a c t o r s  cou ld  be used to  i n c r e a s e  sampl ing  r a t e s  t o  ab o v e  7 0 /h  
fo r  common methods.
2 . 4 . 1 . 6  Curve R egene ra t ion
A r i s i n g  f rom i n i t i a l  c o n s i d e r a t i o n s  o f  t h e  k i n e t i c s  o f  
c o n t i n u o u s  f lo w  a n a l y s i s  ( T h i e r s  e t  a l ,  1967;  W alke r  e t  a l ,  1970,  
1971) Walker  a d v a n c e d  t h e  p r i n c i p l e  t h a t  t h e  d e fo rm a t io n  o f  the  
p e r f e c t  ' s q u a r e  wave* caused  by c a r ry o v e r  in  c o n t i n u o u s  f l o w  a n a l y s i s  
co u ld  be p a r t i a l l y  c o r r e c t e d  m a them a t ic a l ly  from knowledge of  the  f i n a l
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peak  s h a p e  ( W a l k e r ,  1 9 7 1 ) ,  and  t h a t ,  i n  p a r t i c u l a r ,  the  h e i g h t  to  
w h ic h  t h e  r e c o r d e r  p e n  would  have  r i s e n  i f  t h e  s a m p le  had been  
a s p i r a t e d  t o  e q u i l i b r i u m  cou ld  be p r e d i c t e d  by means o f  e q u a t io n  
E = h + b d h / d t
where E i s  the  e q u i l i b r i u m  p l a t e a u  h e ig h t
h i s  t h e  h e i g h t  o f  the  pen above b a s e l i n e
d h / d t  i s  the  r a t e  o f  r i s e  or  f a l l  o f  the  pen in  u n i t  t ime
and b i s  a c o n s t a n t ,  dependen t  on the  a n a l y t i c a l  sys tem.
This  p r o c e s s  he c a l l e d  curve  r e g e n e r a t i o n .
Improvements in  t e c h n o l o g y ,  and  in  p a r t i c u l a r  t h e  s h o r t e r  
d i a l y s e r s  and  s m a l l  d e a d - s p a c e  d e b u b b l e r  systems a v a i l a b l e  w i th  the  
second  g e n e r a t i o n  of  A u to an a ly se r s  t o g e t h e r  w i t h  o p t i m i s a t i o n  o f  t h e  
m e th o d s  had  e n a b l e d  sampl ing  of  around 100/h t o  be c o n s id e r e d  by the  
e a r l y  1970s,  Walker c o n s id e r e d  t h a t  the c o r r e c t i o n  a l g o r i t h m ,  a p p l i e d  
i n  " r e a l - t i m e "  w ou ld  i n c r e a s e  s a m p l in g  r a t e s  by abou t  50% s in c e  the  
shape o f  th e  p e a k s  a t  t h e  h i g h e r  r a t e  w i t h  c u r v e  r e g e n e r a t i o n  were 
s i m i l a r  t o  t h e  t y p e  o f  peak  a c h i e v e d  a t  around 100/h w i th o u t  curve  
r e g e n e r a t i o n .  The a l g o r i t h m  was then  produced as  a  l o g i c  c i r c u i t  i n  a
c o m m e r c i a l l y  a v a i l a b l e  independen t  u n i t .  The c i r c u i t  was p u b l i s h e d
by Walker and coworkers  in  1972 as  an a l t e r n a t i v e  t o  th e  b u b b le -g a t in g  
c i r c u i t r y  o f  Habig  e t  a l  (1969) and an  i n s t r u m e n t  a l s o  became com­
m e r c i a l l y  a v a i l a b l e  i n  t h e  UK (Weir e l e c t r o n i c s  L t d ,  Bognor  R e g i s ,  
Sussex ,  England) in  1972.
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T h i s  d e v i c e  i n t ro d u c e d  between the  c o l o r i m e t e r  and r e c o r d e r ,  
would per fo rm  th e  c a l c u l a t i o n s  i n d i c a t e d  and r e s t o r e  t h e  s h a p e  o f  t h e  
p e a k s  t o w a r d s  t h e i r  s q u a r e  wave form by r em o v in g  t h a t  p a r t  o f  the  
d i s t o r t i o n  a t t r i b u t e d  to  the  e x p o n e n t i a l  f a c t o r  ( T h i e r s  e t  a l ,  1967;  
W alker  e t  a l ,  1 9 7 0 ) .  On p r a c t i c a l  a p p l i c a t i o n  t o  A u t o A n a l y s e r  I 
sys tems  in  th e  a u t h o r ' s  l a b o r a t o r y  i t  gave dem ons t rab le  im provem en t  i n  
p e r f o r m a n c e  a t  around  60/h and al lowed  sampling r a t e s  t o  be i n c r e a s e d  
w i th  no l o s s  in  p r e c i s i o n  compared to  the  slower speed .  The c a r r y o v e r  
c h a r a c t e r i s t i c s  w h ic h  caused  poor p r e c i s i o n  and l o s s  o f  peak i d e n t i t y  
(F igure  14 ( i v ) )  were v i r t u a l l y  e l i m i n a t e d  ( f i g u r e  20) and t h e  p e r ­
cen tag e  o f  p l a t e a u  e q u i l i b r i u m  ach ieved  a t  sampl ing  r a t e s  o f  100/h r o s e  
from 89% t o  100% (Table 19)
T h i s  a b i l i t y  t o  c o r r e c t  d i r e c t l y  fo r  c a r r y o v e r  i s  the  major 
f a c t o r  which p e r m i t s  t h e  h i g h e r  t h r o u g h p u t .  The f i n d i n g s  f ro m  t h i s  
work w ere  l a t e r  p u b l i s h e d  ( C a r l y l e ,  M c L e l l a n d  and F lec k ,  1973) and 
cu rve  r e g e n e r a t i o n  remained  a t o p i c  o f  i n t e r e s t  u n t i l  t h e  l a t e  1 970s  
( J a c k l y n  e t  a l  1 9 7 8 ) .  I t  i s  n o t e w o r t h y  t h a t  some o f  t h e  l e s s
d e s i r a b l e  c h a r a c t e r i s t i c s  o f  th e  o ld e r  A u toana lyse r  I  sys tem s  seemed a t  
t h a t  s t a g e  a p o s i t i v e  a d v a n t a g e .  The d e b u b b le r  o f  th e  o l d e r  system 
which had been c r i t i c i s e d  and indeed  d e l e t e d  from the  a n a l y s e r  by Habig 
e t  a l  (1969)  an d  N e e l e y  e t  a l  ( 1974) had the m e r i t  o f  smoothing the  
r i s e  c u r v e s  from each  sample,  and th u s  i m p r o v in g  r e g e n e r a t i o n ,  w h i l e  
e x p e r i e n c e  w i t h  t h e  im p ro v e d  d e b u b b l e r s  o f  t h e  A u to a n a l y s e r  I I  and 
SMA-6/60 type  gave  much l e s s  s a t i s f a c t o r y  r e s u l t s .
TABLE 19
PERCENTAGE OF STEADY STATE EQUILIBRIUM ACHIEVED 
AT VARIOUS SAMPLING RATES
Sampling Rate U nregenera ted R e g e n e ra te d
4 0 /h r
5 0 / h r
8 0 /h r
1 00 /h r
100 %
98%
93%
89%
100%
1 0 0 %
100 %
100 %
N o r m a l  
R e g e n e r a t e d
+  d h /
0  / Jdt
Figure 20
Resolution of merged peaks by the Curve Regeneration algorithm
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2 , 4 . 1 . 7  120/h sampl ing  r a t e  fo r  con t inuous - f lov ;  a n a l y s i s
I n v e s t i g a t i o n  o f  t h e  r a t e - l i m i t i n g  s t e p s  i n  c o n t in u o u s  f low 
a n a l y s i s  in  the  a u t h o r ' s  l a b o r a t o r y  l e d  t o  t h e  c o n s t r u c t i o n ,  d u r i n g  
1974/75 of  a 120 s am p les /h  a n a l y s e r  fo r  the  e l e c t r o l y t e  p r o f i l i n g  work 
of  the  d e p a r t m e n t ,  ( P l a t e  V I I I )  s in c e  the  workload and the  c o n s t r a i n t s  
of  specimen d e l i v e r y  (Sec t ion  1 , 1 , 4 ) ,  had exceeded the  60/h  a n a l y t i c a l  
c a p a c i t y  o f  a v a i l a b l e  commercial  i n s t r u m e n t a t i o n  a t  t h a t  t im e ,  A block  
diagram of  the  a n a l y s e r  i s  shown in  Fig 21. F u l l  e v a l u a t i o n  d e t a i l s  o f  
the  i n s t ru m e n t  have been p r e s e n t e d  e l sew here  (McLelland and T o r ranc e ,  
1976) . The in s t ru m e n t  i n c o r p o r a t e d  some of  the  f i n d i n g s  from p r e v io u s  
s e c t i o n s .
a) S am ple r  ( S e c t i o n  2 . 4 .  1 , 1 ) ,  The sampl ing d e v ic e  was a Hook 
and Tucker A40 s a m p l e r  e l e c t r o n i c a l l y  m o d i f i e d  t o  r e c e i v e  a t i m i n g  
s i g n a l  from the  q u a r t z  c lo c k  o f  the  p ro c e s s o r  used fo r  d a t a  a c q u i s i t i o n  
(S ec t ion  2 . 5 ) .  S y n c h r o n i s a t io n  o f  the s a m p l e r  w i t h  t h e  p r o c e s s o r  i n  
t h i s  manner gave such a p r e c i s e  sampling cy c l e  t h a t  the  peaks  from a l l  
f i v e  c o l o r i m e t r i c  c h a n n e l s  r e a c h e d  an a b s o r b a n c e  maximum w i t h i n  t h e  
same seven second t ime window.
b) Pumps ( 2 . 4 . 1 . 2 )  The I s m a t e c  pumps c h o s e n  f o r  t h e  a n a l y s e r  were 
f e a t u r e d  in  the  pump e v a l u a t i o n  t r i a l  (Fleck e t  a l  1972).  They o f f e r e d  
v a r i a b l e  s p e e d  c o n t r o l  and  i t  was t h e r e f o r e  p o s s i b l e  t o  s low  t h e  
pumping r a t e  and use wider bore  tu b ing  to  min imise  b o t h  c a r r y o v e r  and 
th e  p o s s i b i l i t y  o f  b lockages  w i th i n  the  l i n e s .
PLATE VII I  7/120 - a seven-method,  120 samples /h  con t inuous  
f low a n a l y s e r
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c) D i a l y s e r , The a n a l y s e r  employed AutoAnalyser  I I  components 
w i th  sm al l  d i a l y s e r s  whenever p o s s i b l e  in  o rd e r  t o  r e d u c e  t h e  e x c e s ­
s i v e  c a r ry o v e r  a t t r i b u t a b l e  t o  the  d i a l y s i s  p r o c e s s  (T o r rance ,  1978).
d) Plow c e l l / P h o t o m e t r y  (2 .4 .  1 . 4 ) .  Hellma F l o w c e l l s  (T w e e d ie ,
1973) w i t h  i n t e g r a l  d e b u b b l e r s  were u s e d  w i t h  a m o d i f i c a t i o n  o f  a 
F i s o n s  s i n g l e  c h a n n e l  c o l o r i m e t e r .  The s m a l l  d e a d  s p a c e  an d  h i g h  
e m p ty in g  r a t e  ( T w e e d ie ,  1973;  Habig  e t  a l ,  1969;  T o r r a n c e ,  1978) 
c o n t r i b u t e d  to  the  h ig h  sampl ing  r a t e ,
e) F l u i d  Flow ( S e c t i o n  2 , 3 . 1 . 5 )  The t o t a l  p a t h  l e n g t h  o f  each
method was minimised a s  much a s  was p r a c t i c a l l y  p o s s i b l e  (F le c k  e t  a l ,  
1971) and  a c i d i c  c o n d i t i o n s  w ere  u s e d  where p r a c t i c a l  (Fleck e t  a l ,  
1971; T o r r a n c e ,  1978),
f)  Curve  R e g e n e r a t i o n  (S ec t ion  2 . 3 , 1 , 6 ) .  With the  a v a i l a b i l i t y
o f  p roven ,  com merc ia l ly  a v a i l a b l e  cu rve  r e g e n e r a t i o n  m o d u le s  ( C a r l y l e  
e t  a l ,  1973) i t  was d e c i d e d  t o  u s e  them r a t h e r  t h a n  c o n s t r u c t  a 
b u b b le -g a t in g  sys tem s i m i l a r  t o  t h a t  developed  by Neeley  and c o w o r k e r s  
(1974),
g) D a ta  A c q u i s i t i o n .  Where an i n s t r u m e n t  i s  c a p a b l e  o f
g e n e r a t i n g  840 r e s u l t s  per  hour ,  and p a r t i c u l a r l y  w here  t h e  d a t a  i s
b e i n g  r e c e i v e d  in  t h e  main  a s  c o n t i n u a l l y  v a ry in g  ana logue  s i g n a l s ,  
some form o f  a p p r o p r i a t e  d a t a  a c q u i s i t i o n  i s  e s s e n t i a l .  T h i s  t o p i c  
w i l l  be d i s c u s s e d  f u r t h e r  in  S e c t io n  2 .5 .
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The m a jo r  c o m m e r c i a l  h i g h - c a p a c i t y  c o n t i n u o u s - f  low d e v e lo p ­
m e n t s  d u r i n g  t h e  1970s were  t h e  d e v e l o p m e n t  by t h e  T e c h n i c o n  
c o r p o r a t i o n  o f  a c o m p u t e r - c o n t r o l l e d  SMA system (SMAC) working a t  150 
s a m p l e s / h  and  c a p a b l e  o f  a n a l y s i n g  up t o  20 p a r a l l e l  c h a n n e l s  
s i m u l t a n e o u s l y ;  t h e  d e v e l o p m e n t  o f  a r e p l a c e m e n t  d a t a  a c q u i s i t i o n  
module  w h ic h  p e r m i t t e d  120 /h  o p e r a t i o n  f o r  6 0 / h  SMA s y s t e m s  by 
V i c k e r s  L t d ,  and  t h e  i n t r o d u c t i o n  in  t h e  l a t e  1970s o f  a 1 2 0 /h  
commercial  c o n t in u o u s  f low a n a l y s e r  by Rank H i l g e r  l t d  ( C h e m is p e k ) .  
The p i o n e e r  work i n t o  t h e  r a t e - l i m i t i n g  a r e a s  o f  c o n t i n u o u s  f lo w  
a n a l y s i s  had  c l e a r l y  b e e n  n o t e d  by m a n u f a c t u r e r s ,  a s  w e l l  a s  by 
c l i n i c a l  c h e m i s t s .  From t h e  m i d - s e v e n t i e s  onwards t o t a l  p a th  l e n g t h s  
were being s h o r t e n e d ,  bubb le  g a t i n g  c i r c u i t r y  was b e i n g  em ployed  on 
SMAC and C h e m is p e k .  A peck ing probe was i n t r o d u c e d  on SMAC to  a i r  
segment the  i n i t i a l  sample s t r e a m  ( T o r r a n c e ,  1978) and  t h e  s o p h i s ­
t i c a t e d  d a t a  a c q u i s i t i o n  s y s t e m  u s e d  on t h e  V i c k e r s  m od i f ied  the  
r e q u i r e m e n t s  fo r  s t e a d y  s t a t e  working i n  a manner  a n a l o g o u s  t o  c u r v e  
r e g e n e r a t i o n  used by the  Royal  I n f i r m a r y ' s  in -h o u s e  development.
2 . 4 . 1 . 8  L i m i t a t i o n s  o f  Continuous Flow A na lys i s
The l i m i t a t i o n s  o f  c o n t i n u o u s  f l o w  a n a l y s i s  a r e  r e l a t e d  
p r i m a r i l y  t o  i t s  d e s ig n  c o n c e p t s .  The use o f  a p r o p o r t i o n i n g  pump t o  
p u s h  f l u i d s  t h r o u g h  t h e  s y s t e m  c a u s e s  c a r r y o v e r  which r e s t r i c t s  the  
maximum a c h i e v a b l e  sampl ing  r a t e  t o  a r o u n d  1 5 0 /h  a t  p r e s e n t .  The 
c o n t i n u o u s  pumping a l s o  r e q u i r e s  t h a t  t h e  r e a c t i o n  m ix tu re s  p a s s  a 
f i x e d  d e t e c t i o n  p o i n t  a t  a f i x e d  t im e  i n t e r v a l  a f t e r  s a m p l i n g ;  t h e
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system i s  t h e r e f o r e  i n a p p r o p r i a t e  f o r  r e a c t i o n  r a t e  methods -  such as 
enzyme e s t i m a t i o n s .  However ,  i n c r e a s i n g  i n v e s t i g a t i o n  o f  t h e  
t r a d i t i o n a l l y  e n d - p o i n t  m e th o d s  such as  c r e a t i n i n e  and albumin a re  
u n c o v e r i n g  i n t e r f e r e n c e s  (Cook 1971 ;  W e b s t e r ,  1974) w h ich  may be 
e l i m i n a t e d  by a p p l i c a t i o n  o f  r a t e  methods.  A bubble  g a t i n g  system such 
as  SMAC does o f f e r  th e  o p t i o n  o f  r e a d i n g  a b s o r b a n c e  f rom  a number o f  
d e t e c t o r s  i n  s e q u e n c e ,  s i n c e  t h e  i n t e g r i t y  o f  each  f l u i d  segment has
I
n o t  been d e s t r o y e d ,  b u t  th e  l i m i t e d  amount o f  i n f o r m a t i o n  p r o v i d e d  i n  
t h i s  way i s  i n f e r i o r  t o  t h e  co n t in u o u s  r e a c t i o n  r a t e  m o n i to r in g  o f f e r e d  
by a number o f  d i s c r e t e  a n a l y s e r s  (S ec t ion  2 , 5 . 3 ) .
C o n t i n u o u s  f l o w  a n a l y s e r s  a r e  n o t  s e l e c t i v e .  The s t e a d y  
expans ion  from s i n g l e  c h a n n e l s  t o  s i x ,  t w e l v e ,  e i g h t e e n  and  f i n a l l y  
tw e n t y - t h r e e  c h a n n e l s  a l l  fed  from a s i n g l e  sampler  i s  in  many r e s p e c t s  
a l o g i c a l  and c o s t - e f f e c t i v e  one.  N e i l l  and D o g g a r t  (1969)  h o w e v e r ,  
s u g g e s t e d  t h a t  w here  a p r o f i l i n g  a n a l y s e r  was a v a i l a b l e ,  l a b o r a t o r y  
l o g i s t i c s  made i t  u n l i k e l y  t h a t  a s i n g l e  a n a l y s i s  f rom  w i t h i n  t h e  
p r o f i l e  would be performed even i f  r e q u e s t e d .  While i t  has  been shown 
t h a t  p r o f i l i n g  has  r e v e a l e d  u n e x p e c t e d ,  a b n o r m a l  r e s u l t s  w h ich  hav e  
b e e n  o f  v a l u e  i n  t h e  p a t i e n t ' s  t r e a tm e n t  (Bryan e t  a l  ,1966;  V oge laa r ,  
1978) ,  f e a r s  have a l s o  been exp res sed  t h a t  the  m u l t i p l i c i t y  o f  r e s u l t s  
may cause  the  im p o r ta n t  numbers t o  be l o s t  in  t h e  c l u t t e r  (w i l l i am s  and 
Dixon,  1979).
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G iv e n  c l i n i c a l  d i s i n c l i n a t i o n  t o  o rd e r  s i n g l e  t e s t s  (Orraerod 
e t  a l ,  1976) and  t h e  m i n im a l  a d d i t i o n a l  r e a g e n t  c o s t s  o f  r u n n i n g  
f u r t h e r  a n a l y s e s  on an e x i s t i n g  m u l t i - c h a n n e l  sys tem ,  the  a u tho r  can 
see  no r e a s o n  f o r  n o t  pe r fo rming  an e x t e n d e d  (>15 c h a n n e l )  p r o f i l e ,  
e v e n  i f  i t  i s  s u b s e q u e n t l y  d e c i d e d  t o  r e p o r t  o n l y  t h a t  g r o u p  o f  
a n a l y s e s  o r i g i n a l l y  r e q u e s t e d  supplemented by d i s c u s s i o n  o f  u n reques te d  
abnormals w i th  c l i n i c a l  s t a f f .
t By t h i s  I r e f e r  n o t  t o  th e  o ld  s t a t i s t i c a l  argument t h a t  in  
any 2 0 -channe l  p r o f i l e ,  one r e s u l t  w i l l  be o u t s i d e  th e  r e f e r e n c e  r a n g e  
f o r  t h a t  m e th o d ,  b u t  t o  u n r e q u e s t e d  r e s u l t s  w h ich  a re  s u f f i c i e n t l y  
abnormal t o  w a r r a n t  a fo l l o w -u p  by te l e p h o n e .  The o n ly  c r i t i c a l  l i m i t  
w h ich  s u g g e s t s  i t s e l f ,  g i v e n  t h a t  p r o b le m s  o f  c a l i b r a t i o n  and 
s e l e c t i v i t y  o f  r e p o r t i n g  can be s o lv e d ,  i s  t h e  t o t a l  c a p a c i t y  o f  t h e  
a n a l y s e r .
E x p e r i e n c e  has  shown t h a t  the haphazard  s e l e c t i o n  o f  methods 
f o r  a  m u l t i - c h a n n e l  a n a l y s e r  can r e s u l t  i n  o v e r lo a d in g  the  i n s t r u m e n t .  
T h i s  p r o b le m  can be due t o  th e  i n c l u s i o n  w i th i n  t h e  p r o f i l e  o f  a t e s t ,  
or  g roup  o f  t e s t s ,  which have l i t t l e  in  common w i t h  t h e  o t h e r s .  T h i s  
c r e a t e s  a s u b - s e t  o f  t h e  t o t a l  number o f  s p e c i m e n s  a n a l y s e d  which 
in v o l v e s  l i t t l e  o r  no c r o s s - r e q u e s t i n g  w i t h  t h e  m a jo r  g r o u p i n g s  o f  
t e s t s  on  t h e  a n a l y s e r .  T h i s  l a r g e l y  independent  sub-group  becomes an 
obv ious  c a n d i d a t e  f o r  t r a n s f e r  t o  a s e p a r a t e  i n s t r u m e n t  t h r o u g h  t i m e .  
The c o n c e p t s  o f  t h e  c r o s s - r e q u e s t i n g  o f  f u n c t i o n a l  g roups  has  been 
d i s c u s s e d  p r e v i o u s l y  i n  S e c t io n  2 . 2 . 2 .
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The a d v o c a te s  o f  s e l e c t i v i t y  in  a n a l y s i s  do n o t  y e t  appear t o  
have made a c o n v i n c i n g  e co n o m ic  c a s e ,  no r  h a v e  t h e  c o n s e q u e n c e s  o f  
p o s t p o n i n g  o r  o m i t t i n g  a n e c e ss a ry  t e s t ,  been e v a l u a t e d .  Worse,  i t  
can  be env i saged  t h a t  an a n a l y s i s  which was n o t  r e q u e s t e d  i n i t i a l l y  
c o u l d  be l a t e r  deemed n e c e s s a r y ,  and t h a t  t h e  l a b o r a t o r y  m i g h t  be 
u n a b l e  t o  com ply  w i t h  s u c h  a r e t r o s p e c t i v e  r e q u e s t  b e c a u s e  o f  
l i m i t a t i o n s  o f  sample s t o r a g e  or  i n s u f f i c i e n t  sample.
2 . 4 . 1 . 9 .  F u tu r e  Developments
S t u d i e s  i n t o  t h e  r a t e - l i m i t i n g  s t e p s  i n  t h e  l a t e  60s and 
e a r l y  70s have r a i s e d  t h e  sampl ing  r a t e  f rom  a t y p i c a l  6 0 / h  t o  o v e r  
1 0 0 /h  a t  p r e s e n t ,  m a in ly  because o f  the  removal o f  a major sou rce  o f  
c a r ry o v e r  by use  o f  b u b b le -g a t in g  c i r c u i t r y  or  o f  c o r r e c t i o n  fo r  s i g n a l  
d i s t o r t i o n  by c u r v e  r e g e n e r a t i o n .  The f u t u r e  o f  c o n t i n u o u s  f l o w  
a n a l y s i s  i s  l e s s  easy  t o  p r e d i c t .  I t  may be as sum ed  t h a t  e x i s t i n g  
r e s e a r c h  w i l l  be i n c o r p o r a t e d  i n t o  improving sampling r a t e  {Northern, 
1981),  b u t  t h e r e  have been co m p a ra t iv e ly  few p a p e r s  w h ich  h a v e  l e d  t o  
in c re a s e d  knowledge o f  the  th e o ry  o f  con t inuous  f low a n a l y s i s  s i n c e  th e  
mid s e v e n t i e s  {Walker and Andrew, 1974; Spencer 1976;  T o r r a n c e ,  1978;  
S n y d e r  e t  a l ,  1976;  S p e n c e r  e t  a l ,  1 9 7 7 a , b; K a t z e n e l l ,  1978; Dixon,  
1982; Simpson,  1977) and l i t t l e  o f  t h e  p r e s e n t  work seems l i k e l y  t o  
i n c r e a s e  s a m p l i n g  r a t e s  d r a m a t i c a l l y ,  a l t h o u g h  new t e c h n iq u e s  l i k e  
i m m o b i l i s e d  enzym es  (Leon e t  a l  1977;  Z a b o r s k y ,  1 9 7 8 ) ,  and io n  
s e l e c t i v e  e l e c t r o d e s  (Cowell 1978) have been in c o r p o r a t e d  i n t o  e x i s t i n g  
sys tems .
72,
P e r h a p s  t h e  most promis ing  a r e a  f o r  c o n t in u o u s  f low a n a l y s i s  
i s  t h e  t h r o u g h p u t  p o t e n t i a l  p o s s i b l e  t h r o u g h  r e m o v a l  o f  t h e  a i r  
s e g m e n t a t i o n  w h ich  i t s e l f  c o n t r i b u t e s  t o  t h e  minimum p o s s i b l e  a n a ­
l y t i c a l  p a th  l e n g t h .  Th i s  fundamenta l  approach  to  a n a l y t i c a l  c h e m is t ry  
has been l a b e l l e d  "f low i n j e c t i o n  a n a l y s i s "  by i t s  i n i t i a t o r s ,  Ruzicka 
and Hansen  I t  h a s  b e e n  u n d e r  d e v e l o p m e n t  s i n c e  1975 (R u z i c k a  and 
Hansen  1 9 8 0 ) ,  h a s  been  u s e d  p r i m a r i l y  i n  i n d u s t r i a l  a n a l y t i c a l  
c h e m is t ry  b u t  has  much in  common w i th  the  t r a d i t i o n a l  c o n t i n u o u s  f lo w  
m e th o d s  (eg t h e  r e p o r t  in  1978 (Ruzicka and Hansen,  1976) t h a t  i t  was 
b e t t e r  to  d e c r e a s e  c a r r i e r  s t r e a m  v e l o c i t y  than i n c r e a s e  the  t o t a l  p a th  
l e n g t h  of  the  system (cf  S e c t io n  2 . 4 , 1 . 2 . 2 ) ) .
I t  has  a t t r a c t e d  the  i n t e r e s t  o f  c l i n i c a l  c h e m i s t s  t o  some 
e x t e n t ,  (Renoe e t  a l  (1980)) and Ruzicka and Hansen have a p p l i e d  i t  to  
serum (Ruzicka e t  a l  1977).  I t  a l s o  has a p o t e n t i a l  t h r o u g h p u t  s i g n i ­
f i c a n t l y  b e t t e r ,  a t  240 s a m p l e s / h  t h a n  c u r r e n t  a i r  segmented con­
t i n u o u s  f low systems (Ruzicka and Hansen 1980).
2 . 4 . 1 . 1 0  E f f e c t s  on the  c r i t i c a l  pa th  network o f  improving sampling 
r a t e
The r e v i s e d  (1981) n e t w o r k  o f  F i g u r e  13 h a s  a l r e a d y  been 
i n t r o d u c e d  to  a s s e s s  th e  e f f e c t  o f  improved d a t a  p r e p a r a t i o n  te c h n iq u e s  
( S e c t i o n  2 . 3 . 2 .  1) s i n c e  th e  o r i g i n a l  network d iagram was c o n s t r u c t e d  
i n  1975 (F igu res  8 and 9 ) .  I t  w i l l  be no ted  from comparison o f  F ig u re s
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9 and  13 t h a t  the  a n a l y t i c a l  b ranch  (nodes 2, 8, 9, 5) has become r a t e  
l i m i t i n g  d e s p i t e  r e d u c t i o n  i n  t h e  mean e l a p s e d  t i m e  by a r o u n d  30 
m inu te s ,  when compared w i th  the  1975 d a t a .
In p r a c t i c e ,  e f f i c i e n t  d a t a  p r e p a r a t i o n ,  w i th  d a t a  e n t r y  a t  a 
v a r i a b l e  number o f  t e r m i n a l s  should  always make th e  a n a l y t i c a l  branch  
r a t e  l i m i t i n g ,  s i n c e  the  l a t t e r  w i l l  be c o n s t r a i n e d  by t h e  s a m p l i n g  
r ^ t e  of  the  a n a l y s e r .  Th is  im p l i e s  t h a t  s u c c e s s i v e  r e p la c e m e n ts  o f  the  
a n a l y s e r  by f a s t e r  i n s t r u m e n t s  w i l l  co n t in u e  t o  improve the  t h r o u g h p u t  
t i m e  f o r  t h e  n e t w o r k ,  and  t h a t  d a t a  p r e p a r a t i o n  c a n  be d i s r e g a r d e d  
u n t i l  such t ime as  the  a n a l y t i c a l  sampling r a t e  exceeds  240 /h .
The o t h e r  p o t e n t i a l  improvements in  the  1981 network in c lu d e  
th e  removal of the  w orkshe e t  s t a g e ,  t o  a l l o w  a n a l y s i s  t o  b e g i n  v i r ­
t u a l l y  i m m e d i a t e l y  upon r e c e i p t  o f  s a m p l e s ,  and a d i r e c t  c o n n e c t io n  
b e tw e e n  a n a l y s e r  and  c o m p u te r  t o  o b v i a t e  t h e  n e c e s s i t y  f o r  t a p e  
t r a n s f e r .
The f o r m e r  a c t i v i t y  would  r e q u i r e  some fo rm  o f  p o s i t i v e  
sample i d e n t i f i c a t i o n  as  d i s c u s s e d  in  S e c t io n  2 . 3 . 1 .
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2 . 4 . 2  D i s c r e t e  A na ly s i s
The p r o p o s e d  d e f i n i t i o n  of  d i s c r e t e  a n a l y s i s  as  "a method o f  
a n a l y s i s  in  which fo r  the  g r e a t e r  p a r t  t h e  r e a c t i o n s  i n v o l v i n g  d i f ­
f e r e n t  samples a r e  c a r r i e d  o u t  in  s e p a r a t e  c o n t a i n e r s  or  compar tments",  
(Fleck e t  a l ,  1974),  h i g h l i g h t s  the  major d i f f e r e n c e  between con t inuous  
f l o w  an d  d i s c r e t e  a n a l y s i s  and e x p l a in s  the  major p o t e n t i a l  advantage  
of  t h e  l a t t e r  -  i f  the  r e a c t i o n s  a re  c a r r i e d  o u t  in  s e p a r a t e  c o n t a i n e r s  
t h e r e  i s  l e s s  o p p o r t u n i t y  f o r  them to  i n t e r a c t  one w i th  a n o th e r  and 
hen ce ,  w i t h  l e s s  p o s s i b i l i t y  o f  c a r r y o v e r ,  s a m p l i n g  r a t e  o u g h t  t o  
improve.
S keggs  (1957)  had  c o n s i d e r e d  t h e  c o n s t r u c t i o n  o f  a ro b o t  
c a p a b l e  o f  p e r f o r m i n g  t h e  s t e p s  r e q u i r e d  o f  a c o n v e n t i o n a l  m anua l  
c o l o r i m e t r i c  a n a l y s i s ,  bu t  r e j e c t e d  t h i s  conce p t  as  i m p r a c t i c a l  g iven  
the  s t a t e  o f  t e chno logy  in  t h e  l a t e  19 5 0 s ,  ev en  a l t h o u g h  i t  was t h e  
more o b v i o u s  a p p r o a c h  to  a u t o m a t i o n  o f  m anua l  m e th o d s  ( M i t c h e l l ,  
1969).
The a d v a n c e  o f  t e c h n o l o g y  which p e r m i t t e d  complex sequences  
o f  a c t i v i t i e s  t o  o p e r a t e  a u t o m a t i c a l l y  a t  f i x e d  t i m e s  r e l a t i v e  t o  one 
a n o t h e r  had  p r o d u c e d ,  by t h e  end  o f  t h e  1960s, a n a l y t i c a l  equipment 
ca p a b le  o f  r u n n in g  a t  c o n s i d e r a b l y  h i g h e r  s a m p l i n g  r a t e s  t h a n  c o n ­
t i n u o u s  f low a n a l y s e r s  -  the  Aga Autochemist  (135 s a m p l e s / h ) ; the  Bai rd  
and T a t lo c k  Analmat ic  (300 samples /h)  ; t h e  Linsen A u t o l a b  (2 4 0 /h )  and
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t h e  V i c k e r s  M300 {3 0 0 / h ) ( N o r t h a m ,  1969) and t h e  p l a c e  o f  d i s c r e t e  
a n a l y s e r s  seemed a s s u r e d ,  a t  a time when most con t inuous  f low a n a l y s e r s  
were r e s t r i c t e d  to  sampling r a t e s  of 40-60 /h ,
In the  e a r l y  1 9 8 0 s ,  how eve r ,  t h e  m a jo r  i n s t r u m e n t  o f  t h e  
m a j o r i t y  o f  S c o t t i s h  C l i n i c a l  Chemistry l a b o r a t o r i e s  and of  the  UK as a 
w h o le  was s t i l l  some v a r i a n t  o f  S k e g g ' s  o r i g i n a l  c o n t i n u o u s  f lo w  
a n a l y s e r  (T a b l e  20) r u n n i n g  a t  s a m p l in g  r a t e s  o f  between 60 and 150 
s a m p l e s /h ,  and so i t  seems t h a t  the  h i g h e r  s a m p l i n g  r a t e s  a l o n e  were  
no t  enough to  commend d i s c r e t e  a n a l y s e r s  t o  most l a b o r a t o r i e s .
The b a s i s  o f  d i s c r e t e  a n a l y s i s  has been d e s c r i b e d  by Northam 
( 1 9 6 9 ) ,  M i t c h e l l ,  ( 1970) and  Cook (1975),  and th e  a dvan tages  and d i s ­
a d v a n ta g e s  of  d i s c r e t e  a n a l y s i s  a r e  summarised in Table  21,
2 . 4 . 2 . 1  Advantages and Disadvantages  o f  D i s c r e t e  A n a ly s i s
Some o f  t h e  summary comments i n  T a b l e  21 r e q u i r e  some 
d i s c u s s i o n  a t  t h i s  s t a g e .
S i m p l i f i c a t i o n  o f  d a t a  a c q u i s i t i o n  i m p l i e s  h o l d i n g  t h e  
r e a c t i o n  m ix tu re  a t  the  d e t e c t o r  f o r  a f i x e d  l e n g t h  o f  t ime and w i l l  be 
d i s c u s s e d  u n d e r  s e c t i o n  2 . 5 .  T h i s  a l s o  r e n d e r s  d i s c r e t e  a n a l y s e r s  
e m in e n t ly  s u i t a b l e  fo r  r e a c t i o n  r a t e  methods o f  a n a l y s i s .
A number o f  d i s c r e t e  a n a l y s e r s  a r e  cap a b le  o f  per fo rm ing  a 
v a r i e t y  o f  d i f f e r e n t  methods us ing  a s i n g l e  d e t e c t o r  and  a c h a n g e  o f  
w a v e l e n g t h .  The u s e  o f  s u c h  a n a l y s e r s  ( G r e i n e r  GSA I I  and  G 300, 
Dacos,  Dupont ACA, H i t a c h i  702 e t c )  c o n t r a s t s  markedly w i th  c o n t i n u o u s  
f l o w  w h e re  e a c h  method has a s e p a r a t e  manifo ld  and d e d i c a t e d  d e t e c t o r
TABLE 20
MAJOR ANALYTICAL EQUIPMENT IN SCOTTISH CLINICAL CHEMISTRY 
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G r e a t e r 1 12 4 3
Glasgow 2 6 6 2 1 -
3 18 5 3 - —
4 7 14 4 2 5
5 6 12 2 - -
L o th ia n 1 14 7 3 1 2
2 - 15 2 - -
Highland 1 12 4 1 - -
Grampian 1 - 14 1 - 4
Tays ide 1 - 8 - 1 10
F i f e 1 12 4 1 - - 5
A rg y l l  & Clyde 1 - 14 1 - —
2 6 7 2 - —
Dumfries &
Galloway 1 9 5 3 - -
F o r t h  V a l l e y 1 6 3 2 - -
L a n a r k s h i r e 1 6 - 2 - -
6 6 1 1 -
Note :  S ince  t h e s e  f i g u r e s  were compiled ,  a f u r t h e r  6 major  (>£100,000)
co n t in u o u s  f low a n a l y s e r s  have been i n s t a l l e d  i n  S c o t t i s h  L a b o r a t o r i e s .
TABLE 21
ADVANTAGES AND DISADVANTAGES OF DISCRETE ANALYSIS
ADVANTAGES: Minimal c a r r y o v e r  hence h i g h e r  sampl ing  r a t e s  
S i m p l i f i e d  d a t a  a c q u i s i t i o n  
s u i t a b l e  f o r  r e a c t i o n  r a t e  a n a l y s i s  
p o t e n t i a l l y  m e thod- independen t  
s e l e c t i v e  r e a g e n t  usage 
f a s t  r e s p o n s e  
ea s e  o f  o p e r a t i o n  
w ider  range  o f  methods
DISADVANTAGES: T r a n s p o r t a t i o n  system
r e a g e n t  a d d i t i o n  by s y r i n g e s / s t e p p i n g  motors  
l a u n d ry  systems o r  d i s p o s a b l e  c u p s / v i a l s  
m u l t i p l e  d e t e c t o r s  i n c r e a s e  t r a n s p o r t a t i o n  problems 
p r o t e i n  removal 
c o n t r o l  systems t r i g g e r s
76,
s y s t e m  and d i f f e r e n t  m e th o d s  a r e  p e r f o r m e d  on a s i n g l e  s am p le  i n  
p a r a l l e l .  The r e q u i re m e n t  t o  pa s s  a l l  r e a c t i o n  m i x tu r e s  in  f r o n t  o f  a 
s i n g l e  d e t e c t o r  s e v e r e l y  l i m i t s  the  c a p a c i t y  o f  the  d i s c r e t e  i n s t r u m e n t  
in  terras o f  a n a l y s e s  per  h o u r ,  u n l e s s ,  l i k e  t h e  D a c o s ,  t h e  d e t e c t o r  
i t s e l f  i s  made to  scan a group  o f  r e a c t i o n  v e s s e l s .  ( M i t c h e l l ,  1979).
A few d i s c r e t e  a n a l y s e r s  were  c o n s t r u c t e d  w i t h  m u l t i p l e  
d e t e c t o r s  and p a r a l l e l  s p e c i m e n  t r a n s p o r t a t i o n  s y s t e m s  s i m i l a r  in  
conce p t  to  a p r o f i l i n g  SMA s y s t e m ,  b u t  f a s t e r .  (eg V i c k e r s  M 300,  
C o u l t e r  Kem-O-Mat,  H y c e l  A u to c h e m ) . T hese  w ere  n o t  c o n c e i v e d  a s  
d i s c r e t i o n a r y  a n a l y s e r s  and  a n t i c i p a t e d  c o n t i n u e d  demand f o r  l a r g e  
s c a l e  p r o f i l i n g ,  s i n c e  the  t r a n s p o r t a t i o n  systems were n o t  independen t  
o f  one a n o t h e r .
The d i s a d v a n t a g e s  o f  d i s c r e t e  a n a l y s e r s  were  p r i m a r i l y  
r e l a t e d  to  m echan ica l  c o m p lex i ty .  The need f o r  an  e l e c t r o - m e c h a n i c a l  
c o n t r o l  mechanism -  e i t h e r  a c lock  l i n k e d  to  the  v a r i o u s  u n i t s  in  the  
sequence ,  or  a more f l e x i b l e ,  b u t  f a i l u r e  prone  s y s t e m  o f  m i c r o s w i t c h  
r e l a y s  t o  a c t  a s  t r i g g e r s  which would index the  t r a n s p o r t  mechanism, 
open and c l o s e  r e a g e n t  v a l v e s ,  a c t i v a t e  s t e p p i n g  m o t o r s  o r  s y r i n g e  
p i s t o n s ,  and  r e c o r d  abso rbance  va lu e s  m i l i t a t e d  a g a i n s t  e x t e n s i v e  use 
o f  such a n a l y s e r s  u n t i l  s o l i d  s t a t e  e l e c t r o n i c s  and i n t e g r a l  m i n i -  and 
micro  computers  could  r e p l a c e  the  o r i g i n a l  e l e c t r o - m e c h a n i c a l  l i n k a g e s .
Over the  ten  y e a r s  from 1970 -  1 980 i t  h a s  been  n o t i c e a b l e  
t h a t  i t  was o n l y  w here  t h e  u n iq u e  f e a t u r e s  o f  d i s c r e t e  a n a l y s e r s  
p ro v id ed  an advan tage  which c o n t inuous  f low a n a l y s e r s  c o u l d  n o t  m a tch
77
t h a t  t h e y  r e a l l y  became e s t a b l i s h e d  i n  c l i n i c a l  l a b o r a t o r i e s .  For 
exam ple ,  i t  was e a s e  o f  u s e ,  f a s t  r e s p o n s e  and  a r e p e r t o i r e  w h ich  
e x t e n d e d  t o  o v e r  t h i r t y  m e t h o d s ,  i n c l u d i n g  some d r u g s ,  w h ich  
encouraged  the  use o f  the  Dupont ACA, S i m i l a r l y ,  c o n t i n u o u s  f low  
a n a l y s i s  was u n s u i t e d  t o  m e a s u r e m e n t  o f  t h e  o s m o l a l i t y  of  serum or 
u r i n e ,  o r  o f  t h e  g r o u p  o f  i o n - s e l e c t i v e  e l e c t r o d e  m e thods  w h ich  
compri se th e  ’b lood g a s ’ p r o f i l e .
An o b v i o u s  ex am p le  o f  t h e  w i d e s p r e a d  u s e  o f  d i s c r e t e  
a n a l y s e r s  i s  the  r e a c t i o n  r a t e  a n a l y s e r  u s e d  f o r  enzyme a n a l y s i s ,  o r  
enzyme l i n k e d  methods .
2 , 4 , 2 . 2  A p p l i c a t i o n s  o f  c r i t i c a l  pa th  a n a l y s i s  t o  d i s c r e t e  a n a l y s e r s
The a u t h o r ' s  d e p a r t m e n t  used LKB 8600 60 sam ples /h  r e a c t i o n  
r a t e  a n a l y s e r s  ( P l a t e  I I I )  f o r  enzyme a n a l y s i s  i n  t h e  mid 1 9 7 0 ' s ,  
r e p l a c i n g  e x i s t i n g  u n s a t i s f a c t o r y  con t inuous  f low methods .  The network 
a n a l y s i s  f o r  the  sequence n e c e ss a ry  to  g e n e r a t e  a f o u r - r e s u l t  c a r d i a c  
enzyme p r o f i l e  has  been d e p i c t e d  e a r l i e r  in  F igu re  10 and d i s c u s s e d  in  
S e c t io n  2 , 1 , 1 .
I t  i s  c l e a r  from the  t im ings  in  F igu re  11 t h a t  the  a n a l y t i c a l  
p r o c e s s e s  o f  c o m p i l i n g  a w o r k s h e e t ,  l o a d i n g  r a c k s  and  p e r f o r m i n g  
a n a l y s e s  to o k  o f  t h e  o r d e r  o f  two and a h a l f  h o u r s .  T h e re  were a 
v a r i e t y  o f  r e a s o n s  f o r  t h i s  -  t h e  n e c e s s i t y  t o  p e r f o r m  LDH and CK 
a n a l y s e s  i n  s e q u e n c e  on t h e  same i n s t r u m e n t  f o r  e x a m p l e ,  and the  
b a t c h in g  o f  samples f o r  c a r d i a c  enzyme a n a l y s e s  so t h a t  th e  b a t c h  would 
be run  o n ly  once per  h a l f  day .
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I t  s e r v e s  a s  an exam ple  o f  b o t h  t h e  a d v a n t a g e s  and 
l i m i t a t i o n s  o f  d i s c r e t e  a n a l y s i s .  These a n a l y s e r s  were o f t e n  e a s i e r  
t o  u s e  and  undoub ted ly  more a c c u r a t e  than c o n t in u o u s  f low i n s t r u m e n t s ,  
b u t  w ere  m e t h o d - s p e c i f i c ,  t h a t  i s ,  t h e i r  m o s t  e f f i c i e n t  mode o f  
o p e r a t i o n  was t o  p r o c e s s  a l l  s a m p le s  f o r  any  one  m e th o d ,  b e f o r e  
changing th e  method an d  r e - r u n n i n g  t h e  s a m p l e s ,  and  t h e y  w ere  a l s o  
l a b o u r - i n t e n s i v e  s i n c e  t h e y  c o u l d  n o t  r e a d i l y  be g rouped to  run in  
p a r a l l e l  from a s i n g l e  s am ple r ,  d e s p i t e  the  l a b o r a t o r y  o b j e c t i v e  o f  a 
four -method  p r o f i l e .
I t  i s  n o t e w o r t h y  a l s o  t h a t  o n l y  c o m p l e t e d  p r o f i l e s  were  
r e p o r t e d ,  and so i t  was o n ly  d u r i n g  t h e  l a s t  h a l f - h o u r  o r  so  o f  t h e  
n e t w o r k  a s  t h e  CK r e s u l t s  were  becoming a v a i l a b l e  t h a t  any r e p o r t s  
cou ld  be i s s u e d  by the  l a b o r a t o r y  s t a f f .  T h i s  a s p e c t  w i l l  be r a i s e d  
a g a i n  in  S e c t io n  2 . 4 , 3 . e t  s eq .
A second a p p l i c a t i o n  o f  d i s c r e t e  a n a l y s i s  i n v o l v e s  the use  o f  
a g lu c o s e  a n a l y s e r  i n  the  d i a b e t i c  c l i n i c  o f  the  Royal I n f i r m a r y .  The 
d e t a i l s  o f  t h i s  development have been p u b l i sh e d  (Morrison e t  a l ,  1972), 
and a r e  s i m i l a r  to  o t h e r  a t t e m p t s  w i th i n  the  United Kingdom t o  p r o v i d e  
a f a s t  a n a l y t i c a l  s e r v i c e  where a f a s t  r e s u l t  cou ld  i n f l u e n c e  c l i n i c a l  
d e c i s i o n -m a k i n g .  The network diagram of  o p e r a t i o n s  w i t h i n  t h e  c l i n i c  
i s  shown in  F igure  22,
Two p o i n t s  s h o u l d  be made a b o u t  t h e  n e t w o r k  -  F i g u r e  22 
f o c u s s e s  a t t e n t i o n  on the  a n a l y t i c a l  p r o c e s s  (n o d e s  3 -4 )  , I t  m us t  be 
r a t e - l i m i t i n g  on the  network as a whole s in c e  i t  i s  th e  on ly  p roced u re
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w h ic h  i s  n o t  p e r f o r m e d  in  p a r a l l e l .  The th ro u g h p u t  t ime fo r  nodes 2 
to  5 v a r i e d  between 9 and 15 minu tes  ( M o r r i s o n  e t  a l  1972) and  i t  i s  
d o u b t f u l  whether  a f a s t e r  a n a l y s e r  would have b rough t  abou t  a s i g n i f i ­
c a n t  improvement in  the  o v e r a l l  e l a p s e d  t i m e  f o r  t h e  n e t w o r k ,  w h ich  
v a r i e d  between twenty minu tes  and two h ou rs .
The example i l l u s t r a t e s  ag a in  some of the  s p e c i f i c  ad van tages  
o f  d i s c r e t e  a n a l y s e r s .  The g lucose  a n a l y s e r  used was s im ple  to  o p e r a t e  
and cou ld  be t r a n s p o r t e d  to  the  c l i n i c  s i t e  and made o p e r a t i o n a l  w i t h i n  
f i f t e e n  m i n u t e s .  The f a s t  response  and d i g i t a l  r e s u l t s  a l s o  made t h i s  
d i s c r e t e  a n a l y s e r  more e f f i c i e n t  than  i t s  co n t in u o u s  f low c o u n t e r p a r t ,  
d e s p i t e  t h e  c o m p a r a b l e  s a m p l i n g  r a t e s  o f  t h e  two a n a l y s e r s  (50-60 
s a m p l e s / h ) .
The m a jo r  a d v a n t a g e  o f  t h i s  system however,  was a r e d u c t i o n  
i n  t r a n s p o r t a t i o n  t im es  and s t r e a m l i n i n g  o f  r e c e p t i o n  and  a n a l y t i c a l  
p r o c e s s e s ,  p r e v i o u s l y  r e c o g n i s e d  a s  a m a jo r  e l e m e n t  of  the  c a r d i a c  
enzyme network o f  F igu re  11, and t h i s  was made p o s s i b l e  p r i m a r i l y  by 
r e s t o r i n g  the  c l o s e  p ro x im i ty  of p a t i e n t  and a n a l y s t  r e f e r r e d  t o  in  the  
i n t r o d u c t i o n  to  t h i s  t h e s i s .
One f i n a l  example of  the  use of d i s c r e t e  a n a l y s e r s  w i t h i n  the  
a u t h o r ' s  l a b o r a t o r y  i l l u s t r a t e s  t h e  way i n  w h ich  e v e n  t h e  im p ro v e d  
t i m i n g s  o f  h ig h - sp eed  d i s c r e t e  a n a l y s e r  can be n u l l i f i e d  by l a b o r a t o r y  
l o g i s t i c s .
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I n  1973-76 t h e  a u t h o r ' s  depar tm en t  performed an a ssessm en t  o f  
the  V ic k e r s  D300 a n a l y s e r  f o r  the  S c o t t i s h  Home and  H e a l t h  D e p a r t m e n t  
{M cLel land  and  F l e c k ,  1977) and the  in s t ru m en t  was in  r o u t i n e  use fo r  
serum c a lc iu m  a n a l y s i s  a t  a sampling r a t e  o f  300 s a m p l e s / h  from 1973 
t o  1976 r e p l a c i n g  an a t o m i c  a b s o r p t i o n  d e v i c e  in  use p r i o r  t o  1973. 
Calcium formed p a r t  o f  a bone p r o f i l e  w i th i n  t h e  l a b o r a t o r y ,  t h e  o t h e r  
a n a l y s e s  o f  t h e  g r o u p  be ing  phospha te ,  t o t a l  p r o t e i n  and albumin with  
a l k a l i n e  p h o s p h a ta s e  as  a f u r t h e r  r e q u e s t i n g  o p t i o n ,  and t h e s e  m e thods  
w ere  r u n  on  c o n t i n u o u s  f lo w  e q u i p m e n t  a t  t h a t  t i m e .  The r e l e v a n t  
network i s  shown in  F ig u re  23 ,  where  t h e  o n l y  o b v i o u s  e f f e c t  o f  t h e  
im p ro v e m e n t  i n  s a m p l i n g  r a t e  was t o  s h i f t  t h e  r a t e - l i m i t i n g  s t e p  to  
the  a n a l y s i s  o f  p r o t e i n  and albumin.
Thus ,  in  o r d e r  t o  be f u l l y  e f f e c t i v e ,  t h e  D300 i d e a l l y  should  
have p e r f o r m e d  a l l  f o u r  m e t h o d s ,  b u t  a p a r t  f rom  p r o b l e m s  w i t h  t h e  
a l b u m i n  an d  p h o s p h a t e  m e th o d s  t h i s  i n v o l v e d  t h e  t y p e  o f  d e s i g n  
c o n s t r a i n t s  o f  m e thod  s p e c i f i c i t y  o u t l i n e d  i n  t h e  c a r d i a c  enzyme 
p r o f i l e  e x a m p l e ,  and i t  had  a l s o  been re c o g n i se d  t h a t  th e  in s t ru m en t  
r e q u i r e d  ab o u t  30 minu tes  t o  change over between methods (McLelland and 
F l e c k ,  1977; Brown e t  a l ,  1973).
2 . 4 . 2 . 3  D i s c u s s i o n
D i s c r e t e  a n a l y s e r s ,  though capab le  o f  sampl ing  r a t e s  s u p e r i o r  
t o  c o n t in u o u s  f low equipment,  f a i l e d  to  make s u b s t a n t i a l  im p ro v e m e n t s  
in  t u r n r o u n d  t im e  where they  were i n t ro d u c e d  p iecemeal  i n t o  an e x i s t i n g  
l a b o r a t o r y  l o g i s t i c  framework,  excep t  in  s p e c i a l  c a s e s  such as c l i n i c s
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where t h e y  cou ld  be dem ons t ra ted  to  be ex t rem ely  e f f e c t i v e .  This  l a t t e r  
c a s e ,  however,  was n o t  so much a p r o p e r ty  o f  d i s c r e t e  a n a l y s e r s ,  a s  a 
r a d i c a l  c h a n g e  f rom  t h e  c o n c e p t  o f  a r e m o te  l a b o r a t o r y  t o  w h ich  
spec im ens  were s e n t .
The v e r s a t i l i t y  o f  some d i s c r e t e  a n a l y s e r s  cou ld  be e f f e c t i v e  
on a  l i g h t  workload  where t h e  a n a l y s e r  was t h e  s o l e  m a jo r  i n s t r u m e n t  
and w o u ld  pe r fo rm  r a p i d l y  any d e s i r e d  combination  o f  t e s t ;  i n s tum en ts  
in  t h i s  c a t e g o r y  i n c l u d e  t h e  IL C l i n i c a r d ,  Dupont  ACA an d  G r e i n e r  
G300.
F i n a l l y ,  a c o m p l e t e  c h a n g e o v e r  t o  a m a j o r ,  h i g h - c a p a c i t y  
d i s c r e t e  a n a l y s e r  such  as  th e  Vickers  M300, Autochemis t ,  or LKB Prisma 
c o u l d  a l s o  be e f f e c t i v e ,  a l t h o u g h  t h e  m e chan ic a l  com plex i ty  o f  such 
a n a l y s e r s  has  so f a r  l i m i t e d  s a l e s  in  c o m p a r i s o n  w i t h  m u l t i - c h a n n e l  
c o n t i n u o u s  f l o w  a n a l y s e r s  w h ich  have remained th e  workhorses  o f  most 
l a b o r a t o r i e s  i n  th e  e a r l y  1980s (Table 20) .  Also i t  must be s a i d  t h a t  
t h e  v e r y  d i v e r s i t y  of  m anu fa c tu re r s  competing f o r  a l i m i t e d  marke t  has 
caused  c o n ce rn  a b o u t  t h e  l o n g  t e rm  v i a b i l i t y  o f  t h e  c o m p a n i e s  s u p ­
p o r t i n g  s u c h  i n s t r u m e n t s ,  i n  c o m p a r i s o n  t o  c o n t i n u o u s  f low where a 
ma jor s i n g l e  m a n u fa c tu re r  has  become e s t a b l i s h e d  o v e r  t h e  l a s t  t w e n t y  
f i v e  y e a r s
2 . 4 . 3  C e n t r i f u g a l  A n a ly s i s
C e n t r i f u g a l  a n a l y s e r s  may be c o n s i d e r e d  a s u b c l a s s  o f  
d i s c r e t e  a n a l y s e r s ,  b e c a u s e  t h e y  s a t i s f y  t h e  d e f i n i t i o n  o f  S e c t i o n  
2 . 4 . 2 .  They  w ere  d e v i s e d  in  p a r t ,  t o  minimise th e  problems of  t r a n s -
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p o r t  m e ch an is m  and m echan ic a l  complexity  d i s c u s s e d  in  S e c t io n  2 . 4 .2 . 1  
i n  t h r e e  ways -  f i r s t l y  by u s i n g  c e n t r i p e t a l  f o r c e  t o  e x p e l  t h e  
r e a c t a n t s  from the  t r a n s f e r  d i s c  to  the  c u v e t t e s ;  s e co n d ly  by s p in n in g  
the  c u v e t t e  r i n g  between a s i n g l e  s t a t i o n a r y  l i g h t  s o u rce  and d e t e c t o r ,  
and t h i r d l y  by s e p a r a t i n g  t h e  m e ch an ic a l ly  complex sampler  u n i t  from 
the  a n a l y s e r ,  and us ing  the  m a ch ine  o p e r a t o r  t o  t r a n s f e r  t h e  l o a d e d  
d i s c  b e t w e e n  t h e  two i n s t r u m e n t s  (A nderson ,  1970 and 1978; T i f f a n y ,  
1974 and 1981; P r i c e  and Spencer ,  1 980) -  a l t h o u g h  t h e  more r e l i a b l e  
t e c h n o l o g y  o f  t h e  1980s  h a s  p e r m i t t e d  t h e  two s e p a r a t e  u n i t s  t o  be 
merged in  some c u r r e n t  models .
The ad v an tag es  and d i s a d v a n ta g e s  o f  t h i s  ty pe  o f  a n a l y s e r  a r e  
summarised in  Table  22,  b u t  i t  should  be added t h a t  t h e  l i m i t e d  b a t c h  
s i z e  c a n  a l s o  be an advan tage ,  s i n c e  a l th o u g h  th e s e  i n s t r u m e n t s  a r e  
method s p e c i f i c  i n  o p e r a t i o n ,  l i k e  the  LKB 8600 and the  V ickers  D300 of 
o f  S e c t i o n  2 . 4 . 2 . 1 ,  th e  method of  o p e r a t i o n  and f a s t  changeover  between 
methods p e rm i t  them to  be used as  medium-capac ity p r o f i l i n g  a n a l y s e r s .
2 . 4 . 3 , 1  C r i t i c a l  P a th  A na lys i s  o f  the  C e n t r i f u g a l  Ana lyser  as  a
p r o f i l i n g  in s t ru m e n t
The l o g i s t i c  p r o b l e m s  o f  a number o f  m e th o d - o r i e n t e d  ana ­
l y s e r s  have been d i s c u s s e d  in  S ec t io n  2 . 4 .  2 . 2 .  As t h e  LKB 8 600s  i n  
t h e  a u t h o r ' s  l a b o r a t o r y  aged ,  the  p o s s i b i l i t y  o f  r e p l a c i n g . them w i th  a 
s i n g l e  c e n t r i f u g a l  a n a l y s e r  ( C e n t r i f i c h e m - B a k e r  L td  P l a t e  IX) was 
i n v e s t i g a t e d  d u r i n g  1978 . The o p e r a t i o n a l  s p e c i f i c a t i o n s  o f  such an
TABLE 22
ADVANTAGES AND DISADVANTAGES OF CENTRIFUGAL ANALYSERS
ADVANTAGES: S e p a r a t i o n  of nechanical ly complex p i p e t t o r  from a n a l y s e r
p a r a l l e l  a n a l y s i s  
f a s t  changeover between methods
a b i l i t y  t o  per fo rm  bo th  e n d - p o i n t  & r e a c t i o n  r a t e  a n a l y s e s  
a d a p t a b l e  t o  a v a r i e t y  o f  a d d i t i o n a l  methods (eg 
nephe lo rae t ry , f l u o r e s c e n c e ,  EMIT)
D.ISADVANTAGES: L im i ted  b a t c h  s i z e  (16-40 p l a c e  r o t o r s )
l i m i t e d  number o f  r e a g e n t  a d d i t i o n s  (normal ly  1 o r  2)
te m p e ra tu r e  c o n t r o l
la b o u r  i n t e n s i v e
PLATE IX Cen t r i f i che m 400 Ce n t r i f ug a l  Analyser
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a n a l y s e r  a r e  d e t a i l e d  in  Table 23. While the  c a p a c i t y  o f  the  a n a l y s e r  
was im p o r t a n t ,  g iven  a workload o f  168,000 a n a l y s e s  p e r  annum d u r i n g  
1977, the  pr im ary  r e q u i re m e n t  was the second one on the  l i s t  s i n c e  th e  
a b i l i t y  t o  per form a four -method  p r o f i l e  was e x p e c t e d  t o  im p ro v e  t h e  
s lo w  t u r n r o u n d  o f  t h e  c a r d i a c  enzyme g r o u p .  A d e s c r i p t i o n  o f  t h e  
in s t ru m e n t  has been p u b l i s h e d  (Henry and Saunders ,  1976).
The n e t w o r k  a n a l y s e s  i n v o l v i n g  bench a c t i v i t i e s  b e f o r e  and 
a f t e r  pu rchase  o f  such  an i n s t r u m e n t  f o r  t h e  L i v e r  F u n c t i o n  T e s t  and  
C ard iac  Enzyme p r o f i l i n g  a r e  d e p i c t e d  in  F ig u re s  24 and 25.
While i t  m igh t  a p p e a r ,  from t h e s e  F i g u r e s ,  t h a t  t h e  u p p e r  
n e t w o r k s  a r e  more s a t i s f a c t o r y ,  s i n c e  a n a l y s i s  o f  i n d i v i d u a l  serum 
c o n s t i t u e n t s  p r o c e e d s  i n  p a r a l l e l  on t h e  LKBs r a t h e r  t h a n  
s e q u e n t i a l l y ,  a s  on th e  C e n t r i f i c h e m ,  the  s u p e r i o r  a n a l y t i c a l  r a t e  of  
th e  c e n t r i f u g a l  a n a l y s e r  g i v e s  the  improved t i m i n g s  o f  F i g u r e s  26 and 
27.
Other l e s s  obv ious  i n f e r e n c e s  from F ig u r e s  26 and 27 a r e
1) t h e  s e q u e n c e  o f  o p e r a t i o n s  on t h e  C e n t r i f i c h e m  i s  v e r y
c l o s e l y  c o n t r o l l e d  from the  p o i n t  a t  which a n a l y s i s  o f  th e  four-method 
p r o f i l e  b e g i n s .  T h i s  p r o d u c e s  a sm al l  (J  ^ term f o r  the  sequence from 
Node 14 to  Node 19 in  F ig u r e  26 and f rom 12 t o  17 i n  F i g u r e  27 T h i s  
r e f l e c t s  t h e  e x t r e m e l y  e f f i c i e n t  u s e  o f  t h e  p i p e t t o r / a n a l y s e r  com­
b i n a t i o n ,  s i n c e  t h e  t r a n s f e r  d i s c  f o r  t h e  n e x t  a n a l y s i s  i s  b e i n g  
p r e p a r e d  w h i l e  t h e  c o n t e n t s  o f  t h e  p r e v i o u s  d i s c  a r e  be ing spun and 
a n a l y s e d  in  a s ix - m i n u te  c y c l e .
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TABLE 23
OPERATIONAL REQUIREMENTS FOR A SINGLE REPLACEMENT 
REACTION RATE ANALYSER 
GLASGOW ROYAL INFIRMARY 1978
1) Proven r e c o r d  i n  UK C l i n i c a l  Chem is try
2) P r o f i l i n g  r a t h e r  t h a n  m e t h o d - s p e c i f i c
3) Capable o f  b o th  e n d - p o i n t  and r e a c t i o n  r a t e
a n a l y s i s
4) No more th a n  60-70% u t i l i s a t i o n  a t  December 1977
5) F i n a l  o u t p u t  i n  machine r e a d a b le  form
84,
2) R e s u l t s  a r e  w r i t t e n  to  r e p o r t s  c o m p a ra t iv e ly  q u i c k l y  when the
C e n t r i f i c h e m  i s  u sed ,  (Nodes 19 t o  20 F igure  26; 17 t o  18,  F i g u r e  27) 
s i n c e  a l l  t h e  r e s u l t s  fo r  the f u l l  p r o f i l e  f o r  each  b a t c h  a r e  to  hand 
w i t h i n  30-40 m i n u t e s  o f  b e g i n n i n g  t h e  b a t c h .  T h i s  c o m p a re s  p a r t i ­
c u l a r l y  f a v o u r a b l y  w i t h  t h e  " m e t h o d - s p e c i f i c ” p ro c e d u re s  of  the  LKB 
Here i n d i v i d u a l  r e s u l t s  were w r i t t e n  t o  t h e  m a s t e r  w o r k s h e e t  by t h e  
t e c h n i c i a n  r e s p o n s i b l e  fo r  each a n a l y s i s ,  and the  b a t c h  com ple t ion  was 
d ependen t  on bo th  the  speed of  the  s lo w e s t  a n a l y s i s ,  and on the  s e n io r  
a n a l y s t  a t  t h e  b e n c h  a s s u m in g  r e s p o n s i b i l i t y  f o r  r e p o r t i n g  t h e  
completed p r o f i l e s .  T h i s  t o o k  p l a c e  a t  a f i x e d  t i m e  o f  day  -  l a t e  
m o rn in g  o r  l a t e  a f t e r n o o n  -  and  gave r i s e  t o  a l e n g t h y  and v a r i a b l e  
t ime p e r i o d  f o r  the  t r a n s c r i p t i o n  s t e p  of  the  LFT networks  (Nodes 9 t o  
10 i n  F i g u r e s  24 and 26) .  Indeed ,  the  f i n a l  common p a t h  o f  nodes 9-11 
in  F ig u re  26 o f t e n  t o o k  a s  lo n g  a s  t h e  t o t a l  a n a l y t i c a l  p r o c e d u r e s  
p re c e d in g  them.
I t  s h o u l d  be n o t e d  i n  p a s s i n g  t h a t  a s i m i l a r  type o f  t ime 
d e l a y  o c c u r r e d  when u s in g  the  C e n t r i f i c h e m  (Nodes 19-2  1, F i g u r e  2 6 ) ,  
T h i s  was a r e f l e c t i o n  o f  t h e  g e o g r a p h i c  s e p a r a t i o n  o f  b e n c h  and 
r e p o r t i n g  o f f i c e  on two s e p a r a t e  f l o o r s  of  the  l a b o r a t o r y ,  and  c o n t r i ­
b u t e d  t o  t h e  p e r i o d i c  o v e r lo a d in g  of  the manual r e p o r t i n g  system which 
w i l l  be f u r t h e r  d i s c u s s e d  in  S e c t io n  3 .1 .
85,
3) The d e l a y  r e f e r r e d  t o  above  i s  much l e s s  marked f o r  t h e
Enzyme P r o f i l e s  o f  F ig u r e s  25 and 27, because  o f  th e  p r i o r i t y  a c c o r d e d  
the  p r o c e s s i n g  o f  t h e s e  r e s u l t s ,  and because the enzymes were normal ly  
ba tch ed  and a n a ly s e d  l a t e  in  the  morning o r  a f t e r n o o n  when t h e  b ench  
were r e p o r t i n g  p r o f i l e s  in  any e v e n t .
4) The a n a l y t i c a l  p ro ced u res  f o r  LFTs on t h e  C e n t r i f i c h e m  ( f i g
24) i n i t i a l l y  i n v o l v e d  5 a n a l y t i c a l  c y c l e s  s i n c e  a b lank  va lue  was 
r e q u i r e d  f o r  th e  t o t a l  b i l i r u b i n  a n a l y s i s .
I t  was s u b s e q u e n t l y  shown ( K e l l y  e t  a l ,  1979) t h a t  b i c h r o -  
m a t i c  b i l i r u b i n  a n a l y s e s  cou ld  remove t h e  need  f o r  a b i l i r u b i n  b l a n k  
run ,  and t h e  t ime f o r  a p r o f i l e  was reduced by a f u r t h e r  s i x  minu tes  to  
the  f i g u r e s  shown in  Fig 26.
2 . 4 . 3 . 2  E f f e c t s  o f  C e n t r i f u g a l  Analyser  on Q u a l i t y  o f  r e s u l t .
The a n a l y s e r  h a s  been  shown t o  be an  e f f e c t i v e  r o u t i n e  
i n s t r u m e n t  o f  s a t i s f a c t o r y  p r e c i s i o n  (Fleetwood e t  a l ,  1977).
An im p ro v e m e n t  i n  p r e c i s i o n  v/as a l s o  dem ons t r a ted  w i th  t h i s  
i n s t r u m e n t  when com pared  w i t h  t h e  LKB a n a l y s e r s  p r e v i o u s l y  i n  u s e ,  
p a r t i c u l a r l y  f o r  t h e  enzyme a n a l y s e s  (Table 24) . S ince  th e  b i l i r u b i n  
method showed no p e r c e p t i b l e  change on t r a n s f e r  i t  i s  conc luded  t h a t  i t  
was t h e  r e m o v a l  o f  t h e  i n t e r - i n s t r u m e n t  c o m ponen t  o f  v a r i a n c e ,  as  
enzyme a n a l y s i s  was t r a n s f e r r e d  f rom f o u r  s e p a r a t e  i n s t r u m e n t s  t o  a 
s i n g l e  o n e ,  w h ic h  c a u s e d  the  improvement in  q u a l i t y  o f  r e s u l t ,  p a r t i ­
c u l a r l y  s i n c e  no s i n g l e  LKB 8600 had been  p r e v i o u s l y  r e s e r v e d  f o r  
a n a l y s i s  o f  any p a r t i c u l a r  enzyme.
TABLE 24
PRECISION OF ANALYSES EXPRESSED AS ONE STANDARD 
DEVIATION, BEFORE AND AFTER IMPLEMENTATION OF 
A CENTRIFICHEM 400
Method U ni t
S tanda rd  D e v ia t io n  
Mean Value P re -C e n t r i f i c h e m  P o s t  C e n t r i f i c h e m
B i l i r u b i n  p m o l / l  
( t o t a l )
34
77
1 . 4
3 . 7
1 . 8
4 . 2
AsT
( t o t a l )
U/1 5 3
151
3 . 3
10.0
3 . 1
6 . 3
AIT
( t o t a l )
U/1 49
1 7 5
4 . 0
7.6
3 . 3
9.2
Alk Phos 
( t o t a l )
U/1 3 22
7 3 4
3 3 . 2
67.0
1 3 . 6
2 7 . 3
CK U/1 331 3 3 . 8 2 0 . 0
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2 , 4 . 3 . 3  D is c u s s io n
The a b i l i t y  o f  c e n t r i f u g a l  a n a l y s e r s  t o  pe r fo rm  both  end­
p o i n t  and k i n e t i c  r e a c t i o n s  has been shown to  p e rm i t  a h igh workload of  
l i v e r  f u n c t i o n  t e s t  and c a r d i a c  enzyme p r o f i l e s  t o  be a n a ly se d  r a p i d l y .  
Advantages o f  such  an i n s t r u m e n t  i n c l u d e  t h e  a v a i l a b i l i t y  w i t h i n  30 
m i n u t e s  o f  a 4-method p r o f i l e  f o r  25 p a t i e n t  samples (co r respond ing  to  
a round  240 t o t a l  a n a l y s e s / h  ) .
Speed  o f  a n a l y s i s  has  been  shown t o  c o m p e n s a t e  f o r  t h e  
s e q u e n t i a l  manner o f  pe r fo rm ing  each method.  The i n s t a l l a t i o n  of  t h i s  
t y p e  o f  a n a l y s e r  t o  r e p l a c e  an  e q u i v a l e n t  c o n f i g u r a t i o n  o f  s i n g l e  
i n s t r u m e n t s  w i th  ab o u t  th e  same o v e r a l l  a n a l y t i c a l  c a p a c i t y  h a s  been  
shown t o  r educe  a n a l y s i s  t imes  and to  improve a n a l y t i c a l  p r e c i s i o n .
87,
2 ,5  Data A c q u i s i t i o n
D ata  a c q u i s i t i o n  has been d e f in e d  simply  a s  th e  " t r a n s f e r  of  
in f o r m a t io n  i n t o  the  computer  from o u t s i d e "  (Abson e t  a l ,  1977) , W h i le  
th e  a n a l y t i c a l  problems of  i n c r e a s in g  workload have indeed  been met by 
t h e  d e v e l o p m e n t  o f  a r a n g e  o f  i n s t r u m e n t s ,  t h e  n e x t  s t e p  i n  t h e  
sequence ,  t h a t  i s ,  the  c a p t u r e  o f  the d a t a  from t h e s e  a n a l y s e r s  and the  
onward t r a n s m i s s i o n  o f  t h i s  d a t a  to  a r e p o r t i n g  computer  has o f t e n  been
l e f t  t o  t h e  i n d i v i d u a l  l a b o r a t o r y .  The d i f f i c u l t i e s  a s s o c i a t e d  w i th
!
t h i s  p r o c e s s  have r e c e n t l y  been reviewed ( P a n g r i t z ,  1981) , One such 
a p p l i c a t i o n  w i l l  be d i s c u s s e d  in d e t a i l  below, a f t e r  a c o n s i d e r a t i o n  of  
the  d i f f e r e n t  methods a v a i l a b l e  f o r  d a t a  a c q u i s i t i o n ,
2 , 5 , 1 ,  Methods of  d a t a  a c q u i s i t i o n
D e s p i t e  t h e  v a r i e t y  o f  b o t h  b i o c h e m i c a l  a n a l y s e r s  and  
a s s o c i a t e d  d a t a  a c q u i s i t i o n  d e v i c e s ,  t h e r e  a r e  on ly  a l i m i t e d  number o f  
m e th o d s  f o r  d a t a  a c q u i s i t i o n  (McLelland, 1979; C ha l land  e t  a l ,  1979), 
In  o rd e r  o f  i n c r e a s i n g  s o p h i s t i c a t i o n  t h e se  a re  (1) D i r e c t  d a t a  e n t r y  
(2) c h a r t  r e a d i n g  (3) d a t a  logging  (4) o n - l i n e  hard  wired  c a l c u l a t o r s  
(5) p ro g ra m m a b le  c a l c u l a t o r s  and  c o m p u t e r s .  The a d v a n t a g e s  and 
d i s a d v a n t a g e s  o f  each  c l a s s  a r e  summarised in  Table 25,
D i r e c t  d a t a  e n t r y  i n v o l v e s  t y p i n g  d a t a  e i t h e r  i n t o  t h e
c o m p u te r  t h r o u g h ,  f o r  e x a m p l e ,  a v i s u a l  d i s p l a y  u n i t ,  o r  on t o  a
s t o r a g e  medium such as paper  tape  magnetic t a p e ,  o r  d i s c .  T h i s  method  
i s  commonly used fo r  p a t i e n t  ID e n t r y  and f o r  e n t r y  o f  sm al l  b a t c h e s  o f  
r e s u l t s .
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88,
C h a r t  r e a d i n g  h a s  h i s t o r i c a l l y  found a major use  in a s s o c i ­
a t i o n  w i th  th e  ana logue  o u t p u t  from c o n t i n u o u s  f l o w  a n a l y s e r s  (F ly n n  
1969 ; M i t c h e l l ,  1970b; McLelland e t  a l ,  1974; Smith e t  a l ,  1978).  Two 
problems a r e  a p p a r e n t :  th e s e  a re  the l o c a t i o n  of  th e  to p  o f  t h e  p e a k ,
w h ich  d e f i n e s  t h e  r e l a t i o n s h i p  be tw ee n  t h e  unknown s a m p le  and  the  
s t a n d a r d  c u r v e ,  and th e  shape o f  the peak ,  which d e t e rm in e s  in  p a r t  the 
v a l i d i t y  o f  t h e  r e s u l t .  U s ing  a c h a r t  r e a d e r ,  t h e  f i r s t  problem i s  
so lved  by v i s u a l  a s s e s s m e n t ,  as  the  o p e r a t o r  p l a c e s  a c u r s o r  on t h e  
a p e x  o f  t h e  peak and t r a n s m i t s  th e  X,Y, c o o r d i n a t e s  to  a computer  f i l e  
o r  s t o r a g e  medium, w h i le  peak v a l i d a t i o n  i s  p e r f o r m e d  v i s u a l l y .  The 
a l t e r n a t i v e ,  m a nua l  c h a r t  r e a d i n g ,  t a k e s  two s t a f f  a r o u n d  t h r e e  
minu tes  per  channe l  f o r  a s t a n d a r d  40-cup b a t c h  and  h a s  b e e n  shown t o  
be a s i g n i f i c a n t  s o u r c e  o f  e r r o r  ( T i l s to n e  and F le c k ,  1970), whereas  
Flynn (1969) r e p o r t e d  c o n v e r s io n  o f  1000 p e a k s / h  t o  m a c h i n e - r e a d a b l e  
form by c h a r t  r e a d e r .
D a ta  l o g g e r s  s t o r e  d a t a  from d e t e c t o r s  a t  f i x e d  t ime i n t e r ­
v a l s .  Th i s  a p p r o a c h  a p p l i e d  t o  a t y p i c a l  c o n t i n u o u s - f l o w  a n a l y s e r  
o u t p u t  w i l l  r e q u i r e  s t o r a g e  o f  l a r g e  am o u n ts  o f  u n n e c e s s a r y  d a t a .  
However, a c o n t i n u o u s  f l o w  a n a l y s e r  g e n e r a t i n g  " s t e a d y - s t a t e "  c o n ­
d i t i o n s ,  o r  a d i s c r e t e  a n a l y s e r  where  a va lve  sys tem ho lds  th e  f low 
c e l l  c o n t e n t s  s t a t i c  f o r  a s h o r t  t ime ,  can use t h i s  method t o  advan tage  
s i n c e  on ly  a s i n g l e  v o l t a g e  w i l l  be n e c e s s a ry  f o r  each  sample.
89
H a r d - w i r e d  c a l c u l a t o r s  combine d a t a  lo g g in g  w i th  r e a l - t i m e  
c a l c u l a t i o n  t o  g iv e  i n t e r i m  r e s u l t s  q u i c k l y .  Many o f  t h e s e  a r e  o f  t h e  
" b l a c k  box" t y p e  w he re  a r i g i d  l o g i c  s e q u e n c e  i s  p e r f o r m e d  a u t o ­
m a t i c a l l y .  Some in s t r u m e n t s  in  t h i s  c l a s s  (eg the  Kemtronix amino a c i d  
peak  i n t e g r a t o r  ( P l a t e  X)) ,  o f f e r  s w i t c h - s e l e c t a b l e  o p t i o n s ,  b u t  here  
a g a i n  t h e  l o g i c  w i t h i n  t h e  o p t i o n s  i s  i n f l e x i b l e .  M a n u f a c t u r e r  
s u p p l i e d  i n t e g r a l  m i c r o p r o c e s s o r s  can  a l s o  be c o n s id e r e d  as  p a r t  o f  
t h i s  c l a s s ,  s i n c e  m o d i f i c a t i o n  o f  the l o g i c ,  w h i le  p o s s i b l e  r e l a t i v e l y  
chea p ly  i s  n o t  no rm al ly  w i t h i n  the  a b i l i t i e s  o f  l a b o r a t o r y  p e r s o n n e l .
Programmable c a l c u l a t o r s  and computers  can  be r e -p ro g ra m m e d  
t o  c o p e  w i t h  d e f i c i e n c i e s  in  t h e  o r i g i n a l  l o g i c .  While the  l a r g e r  
a n a l y s e r s  (Technicon SMAC, V icke rs  M300, IL M u l t i s t a t  I and I I I ,  and IL 
5 08 ,  and  Aminco Ro tochem f o r  exam ple )  now c o n t a i n  i n t e g r a l  m in i ­
p r o c e s s o r s  w h ic h  com bine  p r o c e s s  c o n t r o l  and  d a t a  a c q u i s i t i o n  
f u n c t i o n s ,  i t  i s  in  t h i s  a r e a  t h a t  l a b o r a t o r y  s t a f f  have a l s o  a c q u i r e d  
some e x p e r i e n c e .
2 . 5 . 2  A p p l i c a t i o n s  of  min i -com puters  to  d a t a  a c q u i s i t i o n
S e v e r a l  l a b o r a t o r i e s  have been c o n s t r a i n e d  to  develop  t h e i r  
own d a t a  a c q u i s i t i o n  d e v i c e s  (B la ivas  1966; Flynn e t  a l ,  1966; B l a i v a s  
and Menez,  1967,  1958; Whitby and Simpson 1969; G r i f f i t h s  and C a r t e r
1969; Gray and Owen, 1969;  C a r t e r  and G r i f f i t h s ,  1971;  U n d r i l l  and 
G i b s o n ,  1978) p r i m a r i l y  f o r  a c q u i s i t i o n  o f  d a t a  from co n t in u o u s  f low
aÙ û
PLATE X Kemtronix Data A c q u i s i t i o n  Unit
90.
a n a l y s e r s  s in c e  (a) t h e s e  i n s t r u m e n t s  a re  w idespread  (Table 20) and (b) 
t h i s  type o f  c o n t i n u a l l y - v a r y i n g  analogue  o u t p u t  w i t h  t r a n s i e n t  p e a k s  
i s  i n  many ways the  most  d i f f i c u l t  to  an a ly se
In 1974, th e  a u t h o r ’s  l a b o r a t o r y  was f a c e d  w i t h  t h e  p r o b le m  
o f  a c q u i r i n g  d a t a  f rom  t h e  120 sample/h  c o n t in u o u s  f low system which 
was b e i n g  d e v e l o p e d  f o r  e l e c t r o l y t e  a n a l y s i s  ( P l a t e  V I I I ) ,  The 
r e p o r t i n g  p r o c e s s o r  in  use a t  t h a t  time was a b a t c h - o r i e n t e d  IBM 1130 
w i th  a c o n f i g u r a t i o n  d e s ig n ed  f o r  r e p o r t  p r o d u c t i o n  r a t h e r  t h a n  d a t a  
c a p t u r e .  Programs were t h e r e f o r e  developed  on a PDF 11/10 p r o c e s s o r  to  
a c q u i r e  d a t a  and r e p o r t  r e s u l t s  from the  a n a l y s e r  i n  m a c h i n e - r e a d a b l e  
fo rm f o r  t r a n s f e r  t o  t h e  IBM 1130. A m o d i f i c a t i o n  o f  the  program was 
a p p l i e d  to  a s econd ,  f o u r - c h a n n e l  Autoana lyse r  I I  sys tem,
2 . 5 , 2 . 1  M a t e r i a l s  and Methods
The e q u i p m e n t  u s e d  was a DEC POP 11/10 p r o c e s s o r ,  ( D i g i t a l  
Equipment Co, M ayna rd ,  Mass) u s i n g  t h e  BASLPS o p e r a t i n g  s y s t e m  and 
programmed i n  BASIC. A f u l l  d e s c r i p t i o n  o f  the  d e s ig n  s p e c i f i c a t i o n ,  
and systems a n a l y s i s  f o r  two such p r o j e c t s  w i l l  be f o u n d  i n  A ppend ix  
I I ,  Once s o f t w a r e  development had been completed f o r  the  e l e c t r o l y t e  
a n a l y s e r  th e  comple te  i n s t ru m e n t  was a s s e s s e d  a g a i n s t  th e  i n s t r u m e n t  in  
r o u t i n e  u s e ,  a Technicon SÎ4A 6 /60 ,  us ing  the  methods o f  Broughton e t  a l  
(1974) .  For the  4 - c h a n n e l  v e r s i o n  t h e  co m p u te r  p r o d u c e d  d a t a  w ere  
com p ared  w i t h  t h e  m an u a l ly  read  r e s u l t s  by means o f  l i n e a r  r e g r e s s i o n  
a n a l y s i s  and  p a i r - d i f f e r e n c e  t  t e s t .  The t im e  t a k e n  t o  r e a d  t h e  
AutoAnalyser  c h a r t s  manually  was a l s o  n o te d .
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2 . 5 . 2 . 2  R e s u l t s
The r e s u l t s  of  the  e l e c t r o l y t e  a n a l y s e r  e v a l u a t i o n  have been 
p r e s e n t e d  e l sew here  (McLelland and T or rance ,  1976) and  a r e  s u m m a r i s e d  
i n  T a b l e  26.  The main  f i n d i n g s  were t h a t  w i t h i n - b a t c h  p r e c i s i o n  was 
s a t i s f a c t o r y  (Table 26b) when compared w i th  T a r g e t  Values i n c o r p o r a t e d  
i n t o  t h e  T e c h n i c o n  I n s t r u m e n t s  P r e v e n t a t i v e  M a i n t e n a n c e  Scheme 
(Schedule D) and t h a t  c o r r e l a t i o n  between the  new a n a l y s e r  and e x i s t i n g  
m e th o d s  was a p p r o p r i a t e ,  b u t  t h a t  t h e r e  were ac c u ra c y  changes  in  fou r  
o u t  o f  t h e  s e v e n  m e th o d s  ( T a b l e  2 6 a ) .  Of t h e  f o u r  m e t h o d s ,  t h e  
d i f f e r e n c e  i n  CO2  c o n t e n t  i s  a t t r i b u t a b l e  t o  r e - s a m p l in g  from non-gas  
t i g h t  c o n t a i n e r s  and t h a t  i n  c r e a t i n i n e  t o  d i f f e r e n c e s  i n  m e thod  t o  
p e rm i t  the  h ig h e r  sampling r a t e .  The c h l o r i d e  and p r o t e i n  r e s u l t s  gave 
a c l o s e r  a pp rox im a t ion  than  th e  r o u t i n e  a n a l y s e r  t o  t h e  UK n a t i o n a l  
c o n c e n s u s  a s  e x p r e s s e d  by t h e  v a l u e  a s s i g n e d  to  th e  q u a l i t y  c o n t r o l  
s e r a  which had a l s o  been in c lu d e d  i n  the s tu d y  to  p ro v id e  c l a r i f i c a t i o n  
where such d i f f e r e n c e s  were e n c o u n t e r e d ( 2 6 c ) ,
C o r r e l a t i o n  and  p a i r - d i f f e r e n c e  a n a l y s i s  i n  250 s a m p l e s  
r a n d o m ly  drawn f rom  t h e  c a l c i u m  g r o u p  d a t a  i s  shown i n  T a b l e  27,  
R e s u l t s  show no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  a u t o m a t i c  d a t a  
a c q u i s i t i o n  method and the  manual c h a r t  r e a d e r .
However, d u r in g  th e  co u r s e  o f  p a r a l l e l  r u n n in g ,  14 d i s c r e p a n t  
r e s u l t s ,  o u tw i t h  rounding  e r r o r ,  were o b ta in e d  o u t  o f  a t o t a l  o f  over  
2,000 com par isons .  Of t h e s e ,  t h i r t e e n  w ere  due t o  m a n u a l  r e a d i n g  o r  
t r a n s c r i p t i o n  e r r o r s ,  e i g h t  o f  w h ich  were  p r o t e i n  r e s u l t s  1 0 g / l
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d i f f e r e n t  f rom  t h e  t r u e  r e s u l t  (eg 62 i n s t e a d  o f  52) . One r e s u l t ,  of  
t o t a l  p r o t e i n  5 g / 1  d i f f e r e n t  from the  m a nua l  r e a d i n g  r e m a i n s
u n e x p l a i n e d ,
Mean e l a p s e d  t ime t o  read  a s i n g l e  ba t c h  o f  40 peaks  manually  
amounted t o  4.6 minu tes  exc lud ing  d r i f t  c o r r e c t i o n  (which accoun ted  fo r  
a f u r t h e r  1-2  m i n u t e s  p e r  c h a n n e l )  ( S e c t i o n  3 . 2 .4 )  f o r  each  o f  two 
s t a f f  o v e r  32 t i m i n g s  on ^ d i f f e r e n t  d a y s  and u s i n g  d i f f e r e n t  s t a f f  
members.
On t h i s  b a s i s ,  t h e  two 11 /10  p r o c e s s o r s  a t  one t ime saved 
a r o u n d  846 m i n u t e s  o f  s t a f f  t im e  p e r  d a y ,  g i v e n  an  a v e r a g e  o f  10 
b a t c h e s  o f  e l e c t r o l y t e s  (6 -m e th o d  p r o f i l e )  and 8 b a t c h e s  o f  bone  
p r o f i l e s  (4 -channe l  p r o f i l e ) ,  or  a l t e r n a t i v e l y ,  t h e y  a r e  w o r t h  a r o u n d  
one and a h a l f  members o f  s t a f f .
2 . 5 . 2 . 3  D iscuss ion
S i n c e  d a t a  a c q u i s i t i o n  i s  s u c h  a n e c e s s a r y  p a r t  o f  h ig h -  
c a p a c i t y  a n a l y s e r s  i t  i s  r a r e l y  c o n s i d e r e d  s e p a r a t e l y  f rom t h e  
a n a l y s e r .  I t  s h o u l d  n o t  be f o r g o t t e n ,  however,  t h a t  the  im pres s ive  
r e d u c t i o n  in  t ime taken  f o r  e l e c t r o l y t e  a n a l y s i s  between 197 5 and 198 1 
(Nodes 2 t o  8 -  F i g u r e s  9 and 13) i s  due a s  much t o  im p ro v ed  d a t a  
a c q u i s i t i o n  as t o  the  i n c o r p o r a t i o n  o f  improved d e s i g n  f e a t u r e s  i n  t h e  
c o n s t r u c t i o n  o f  the  h igh  speed c o n t in u o u s  f low a n a l y s e r .  The o r i g i n a l  
network a n a l y s i s  o f  F igu re  9 makes i t  c l e a r  t h a t  th e  c r i t i c a l  p a t h  was 
c l e r i c a l  r a t h e r  than a n a l y t i c a l  i n  1975, and in  p r a c t i c e ,  the  s u p e r i o r
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s a m p l i n g  r a t e s  o f  t h e  r e - d e s i g n e d  e l e c t r o l y t e  a n a l y s e r  made l i t t l e  
impact  on the  l a b o r a t o r y  t u r n r o u n d  o f  e l e c t r o l y t e  r e p o r t s  u n t i l  t h e  
adven t  o f  the  new computer  in  1977.
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2 . 5 . 3  R e s u l t  c a l c u l a t i o n
The f i n a l  s t e p  i n  d a t a  a c q u i s i t i o n  from an a n a l y s e r  i s  the  
c a l c u l a t i o n  o f  the  r e s u l t  fo r  each sample.  P a r a d o x i c a l l y ,  c o n t i n u o u s  
f lo w  c o l o r i m e t r y  w h i l e  c a u s i n g  a number o f  d i f f i c u l t i e s  i n  d a t a  
c a p t u r e ,  i n v o l v e s  one o f  t h e  s i m p l e s t  c o m p u t a t i o n  s t e p s  s i n c e  m os t  
common m e th o d s  c an  be made l i n e a r  o v e r  t h e  r a n g e  o f  r e s u l t s  which 
i n t e r e s t  one ,  and c a l c u l a t i o n  i s  done by s i m p l e  p r o p o r t i o n  a g a i n s t  a 
s i n g l e  s t a n d a r d  v a l u e ,  or  by l i n e a r  i n t e r p o l a t i o n  from a m u l t i - p o i n t  
s t a n d a r d  c u rv e .  At  w o r s t ,  t h e  p o i n t s  on t h e  s t a n d a r d  c u r v e  may be 
f i t t e d  t o  a p o l y n o m i a l  and  t h e  sam ple  v a l u e  c a l c u l a t e d  f rom  t h e  
r e s u l t i n g  e q u a t io n  (Benne t t  e t  a l  1970J Abernethy e t  a l  1 9 7 0 ) .  R a d i o ­
im m unoassays  p r e s e n t  t h e  o p p o s i t e  problem, where the d a t a  c a p t u r e  i s  
v e ry  s i m p l y  p e r f o r m e d  by r e a d i n g  t h e  number o f  a c c u m u l a t e d  s i n g l e  
c o u n t s  o v e r  a g i v e n  t i m e  p e r i o d ,  b u t  the com pu ta t ion  o f  r e s u l t s  from 
the  b a s i c  d a t a  o f  c o u n t s  vs t ime i s  s t i l l  the  s u b j e c t  o f  c o n s i d e r a b l e  
d i s c u s s i o n  (Cha l land ,  1978).
An i n t e r m e d i a t e  s i t u a t i o n  i s  t h a t  of  r e a c t i o n - r a t e  a n a l y s i s  
and in  p a r t i c u l a r  f i r s t  o r d e r  enzyme k i n e t i c s .  I n  t h e o r y  t h e  d a t a  
a c q u i s i t i o n  i s  s i m p l e  s in c e  the  o u tp u t  from an a n a l y s e r  shou ld  g iv e  a 
l i n e  o f  f i x e d  g r a d i e n t  w h ic h  c a n  be m u l t i p l i e d  by a f a c t o r  i n c o r ­
p o r a t i n g  the  t e m p era tu re  of  the  r e a c t i o n ,  the  r a t i o  o f  sample volume to  
t o t a l  r e a c t i o n  m ix tu r e ,  and t h e  m o la r  a b s o r p t i v i t y  o f  t h e  a b s o r b i n g  
s p e c i e s ,  to  g iv e  the  a c t i v i t y  of the enzyme.
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H owever ,  a number o f  a n a l y t i c a l  i n t e r f e r e n c e s  a r e  p o s s i b l e ,  
some o f  w h ic h  a r e  d e p i c t e d  i n  F i g u r e  28 .  Some form  o f  r e s u l t  
v a l i d a t i o n  i s  n o r m a l l y  n e c e s s a r y ,  and  i n v o l v e s  d i g i t i s i n g  and 
r e c o r d i n g  the  a n a l y s e r  o u t p u t  a t  i n t e r v a l s ,  r a t h e r  t h a n  s i m p l y  u s i n g  
two a b s o r b a n c e  v a l u e s  a t  e i t h e r  end o f  a f i x e d  i n t e r v a l  to de te rm ine  
the  enzyme a c t i v i t y .  In a d d i t i o n  t o  th e se  m e th o d o lo g ica l  d i f f i c u l t i e s ,  
e q u i p m e n t  d e s i g n  c a n  cause  problems by l i m i t i n g  the  number and t iming  
o f  p o s s i b l e  d a t a  p o i n t s ;  e l e c t r o n i c  n o is e  can cause  s p u r io u s  v a l u e s  t o  
be r e c o r d e d ,  and  t h e  c o m p u t a t i o n a l  t e c h n i q u e  may f a i l  t o  i d e n t i f y  
c o r r e c t l y  a l i n e a r  s e c t i o n  o f  o u t p u t .
A p u b l i c a t i o n  r e v i e w i n g  a number o f  enzyme a n a l y s e r s  
(Saunders  and Burns 1977) prompted the a u t h o r  t o  l o o k  a t  t h e  o p t i o n s  
a v a i l a b l e  f o r  c a l c u l a t i o n  o f  i n i t i a l  r e a c t i o n  r a t e ,  and to  a t t e m p t  to  
i d e n t i f y  th e  most  s a t i s f a c t o r y  method.
2 . 5 . 3 . 1  M a t e r i a l s  and Methods -  C o l l e c t i o n  and S im u la t i o n  of
A lgor i thms
A l g o r i t h m s  f o r  t h e  c a l c u l a t i o n  o f  r e a c t i o n  r a t e  were c o l ­
l e c t e d  in  t h r e e  ways -  a v a i l a b l e  l i t e r a t u r e  was s c a n n e d  f o r  s p e c i f i c  
e x a m p l e s ,  m a n u f a c t u r e r s  w ere  a p p r o a c h e d  and a s k e d  t o  s u b m i t  t h e i r  
methods f o r  s c r u t i n y ,  and a s m a l l  number o f  f u n d a m e n t a l  t h e o r e t i c a l  
app roac hes  were d ev e lo p ed ,  p r i m a r i l y  on the  b a s i s  o f  common s t a t i s t i c a l  
t e c h n i q u e s .  A t o t a l  o f  seven c a l c u l a t i o n  r o u t i n e s  were  s i m u l a t e d  i n  
BASIC on t h e  PDP 11/34 in  th e  a u t h o r ’s l a b o r a t o r y ,  and a l i s t  o f  those  
used  i s  g i v e n  i n  A p p en d ix  I I I ,  They c o u l d  be c l a s s i f i e d  i n t o  two
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g r o u p s  -  e i t h e r ' v a l i d a t i o n  o n l y '  a l g o r i t h m s ,  which s imply  p r i n t e d  a 
supplementa ry  f i g u r e  w i th  the  c a l c u l a t e d  r e s u l t  t o  i n d i c a t e  w h e t h e r  o r  
n o t  t h e  q u a l i t y  o f  a n a l y s i s  had  been s a t i s f a c t o r y ,  or  " l i n e - s e e k i n g "  
a l g o r i t h m s ,  which a t t e m p te d  t o  i d e n t i f y  a segment o f  the  d a t a  where the 
r e a c t i o n  had t r u l y  f o l l o w e d  f i r s t  o r d e r  k i n e t i c s ,  and  t o  u s e  t h a t  
s a t i s f a c t o r y  segment t o  c a l c u l a t e  t h e  r a t e  o f  c h a n g e  o f  a b s o r b a n c e .  
Each a l g o r i t h m  was i n  t u r n  a p p l i e d  t o  a t o t a l  o f  200 d a t a  s e t s ,  
r e p r e s e n t i n g  bo th  e x p e r i m e n t a l l y  determined  a n a l y t i c a l  o u t p u t  f rom  t h e  
r e c o r d e r  c h a r t s  o f  LKB 8600 a n a l y s e r s  and h y p o t h e t i c a l  d a t a  based  on 
the  type  o f  d i s t o r t i o n s  which have o c c a s i o n a l l y  been no ted  i n  p r a c t i c e  
and which a r e  i n d i c a t e d  in  F igu re  28, Each ' v a l i d a t i o n  o n l y '  a l g o r i t h m  
was examined on i t s  a b i l i t y  t o  d i s t i n g u i s h  between good  and  bad  p e a k s  
and  t o  r e p o r t  a c c o r d i n g l y ,  and ea c h  l i n e  s e e k i n g  a l g o r i t h m  on i t s  
a b i l i t y  to  r e c o g n i s e  t h e  ' t r u e '  s l o p e  o f  t h e  l i n e  a n d ,  more i m p o r ­
t a n t l y ,  i t s  c a p a c i t y  to  be m i s l e d .
2 . 5 . 3 . 2  R e s u l t s  of S im u la t i o n s
Sample  o u t p u t  f rom  one of  the  s i m u l a t i o n  programs,  t o g e th e r  
w i th  a s e c t i o n  o f  the  d a t a  f i l e  t o  which th e  a l g o r i t h m  was a p p l i e d  i s  
shown i n  T ab les  28a and b and th e  r e s u l t s  from each  o f  the  s i m u l a t i o n s  
a re  sum m a r ised  in  T a b l e  2 9 , W hi le  any a l g o r i t h m  c o r r e c t l y  r e p o r t e d  
a r o u n d  98% o f  th e  e x p e r i m e n t a l  a n a l y t i c a l  d a t a ,  i t  was p o s s i b l e  to  
i d e n t i f y  c o n d i t i o n s  under w h ich  t h e  l i n e - s e e k i n g  a l g o r i t h m s  were  a t  
r i s k  o f  r e p o r t i n g  an  i n c o r r e c t  r e s u l t  w i t h o u t  an  e r r o r  i n d i c a t i o n ,  
p a r t i c u l a r l y  among th o s e  a l g o r i t h m s  which were d e s i g n e d  t o  be u s e d  i n
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r e a l - t i m e  and  w here  undue  e m p h a s i s  was p l a c e d  on th e  i n i t i a l  p o i n t s  
w i th  the  aim o f  r e s t a r t i n g  t h e  a n a l y t i c a l  c y c l e  a s  s o o n  a s  a s a t i s ­
f a c t o r y  r e s u l t  had been o b ta i n e d  fo r  the  p r e v io u s  a n a l y s i s .
2 . 5 , 3 . 3  D is cu s s io n
C l e a r l y  some com prom ise  i s  n e c e s s a r y  between t h i s  approach  
and t h e  ' v a l i d a t i o n  o n l y '  a l g o r i t h m s  w h ich  c o n s i s t e n t l y  r e j e c t e d  
a s s a y s ,  r e q u i r i n g  them t o  be r e s c h e d u le d  w i th  c o nsequen t  p o t e n t i a l l y  
s u b s t a n t i a l  t ime d e l a y s  (see  S e c t i o n  3 . 2 . 3 ) .  The common p r a c t i c e  o f
I
a l l o w i n g  t h e  o p e r a t o r  t o  d e s i g n a t e  a ' p e r c e n t a g e  t o l e r a n c e '  w i t h i n  
which r e s u l t s  w i l l  n o t  be f l a g g e d  i s  u n s a t i s f a c t o r y ,  p a r t i c u l a r  where  
t h e  o p e r a t o r  may n o t  be aw are  o f  t h e  s i g n i f i c a n c e  o f  the  t o l e r a n c e  
l i m i t .  L ikew ise ,  the  r e p o r t i n g  of  a p e rc e n ta g e  a s  an  e r r o r  i n d i c a t o r  
i s  u n s a t i s f a c t o r y  s in c e  i t  i s  c l e a r  from the  su rvey  t h a t  the method o f  
c a l c u l a t i o n  o f  a p e r c e n ta g e  e r r o r  v a r i e s  from i n s t r u m e n t  to  i n s t r u m e n t  
and i t  i s  the  a u t h o r ' s  e x p e r i e n c e  t h a t  no t  a l l  o p e r a t o r s  u n d e r s tan d  the  
s i g n i f i c a n c e  or  b a s i s  o f  c a l c u l a t i o n  of  a p e r c e n ta g e  e r r o r ,  e v e n  w here  
on ly  a s i n g l e  a n a l y s e r  i s  used .
2 . 5 . 3 . 4 .  Recommendations fo r  Reac t ion  Rate Algor i thms
The main  r e c o m m e n d a t i o n s  a r i s i n g  f rom  t h e  s t u d y  a r e  a s  
f o l l o w s :  a)  s a t i s f a c t o r y  a l g o r i t h m s  s h o u l d  a c t i v e l y  s e e k  a l i n e a r  
p o r t i o n  o f  the c u rv e ;  b) they  should  r e p o r t  d e v i a t i o n s  from a s t r a i g h t  
l i n e  in  u n i t s  o f  enzyme a c t i v i t y  so  t h a t  a 95% c o n f i d e n c e  i n t e r v a l  
c o u l d  be c o n s t r u c t e d  a r o u n d  t h e  r e s u l t ;  c) t h e y  s h o u l d  r e q u i r e  
l i n e a r i t y  over a t  l e a s t  o n e - t h i r d ,  b u t  l e s s  than o n e - h a l f  o f  t h e  d a t a
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p o i n t s  (which should  be even ly  spaced a c r o s s  the l i n e )  d) th e y  should  
be a d a p t a b l e  t o  r e a l - t i m e  a p p l i c a t i o n s ,  ( w i t h  t h e  p r o v i s o  t h a t  i t  i s  
a d v i s a b l e  t o  c o n s id e r  f u r t h e r  p o i n t s  be fo re  e x i t i n g  from the  r o u t i n e  on 
the  assumption  t h a t  a c o m p a ra t iv e ly  s h o r t ,  e a r l y  s t r a i g h t - l i n e  s e g m e n t  
r e p r e s e n t s  the  t r u e  s lo p e  of  the  curve)  and e) s h o u ld ,  where p o s s i b l e ,  
take  the  mean o f  a number o f  v o l t a g e s  a t  e a c h  d a t a  p o i n t  t o  e x c l u d e  
s p u r io u s  v a lu e s  from the  in s t r u m e n t .
The most s a t i s f a c t o r y  o f  the  fou r  l i n e  see k in g  a l g o r i t h m s  was 
a program which per formed c a l c u l a t i o n  o f  l i n e  g r a d i e n t  and  s t a n d a r d  
e r r o r  o f  g r a d i e n t  u s i n g  common s t a t i s t i c a l  t e c h n iq u e s  on a l l  p o s s i b l e  
l i n e  segments which c o n t a in e d  o n e - t h i r d  o f  the  d a t a  p o i n t s .
R e s u l t s  f rom t h i s  c a l c u l a t i o n  a r e  p r i n t e d  i n  Table 28 w i th  
the  t ime a t  which the  b e s t  l i n e a r  p o r t i o n  commenced. The o n l y  i d e n t i ­
f i e d  me thod  o f  o b t a i n i n g  an i n c o r r e c t  r e s u l t  from t h i s  a l g o r i t h m  was 
where two s e p a r a t e  s t r a i g h t  l i n e  segments both p e r s i s t e d  f o r  a t  l e a s t  
one t h i r d  o f  t h e  d a t a  p o i n t s .  I n  b a t c h  mode,  i t  was a s i m p l e  
p rocedu re  to  cause  th e  p rog ram  t o  s e e k  a s e c o n d  l i n e  and r e p o r t  an 
e r r o r ,  b u t  t h i s  invo lved  scann ing  the  d a t a  p o i n t s  over  the  e n t i r e  t ime 
p e r i o d .  I n c l u s i o n  o f  t h i s  o p t i o n  i n  a r e a l - t i m e  s y s t e m  whose main 
o b j e c t i v e  was t o  m a x im ise  t h e  t h r o u g h p u t  o f  s a m p l e s  would  n o t  be 
f e a s i b l e .
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CHAPTER 3 -  DATA PROCESSING
C a d d ie  p r e d i c t e d ,  i n  1967, t h a t  w i th  s u s t a i n e d  improvements 
in  a n a l y t i c a l  a u to m a t io n ,  t h e  r a t e  l i m i t i n g  f a c t o r s  on t u r n r o u n d  o f  
a n a l y s e s  would be the  han d l in g  and r e p o r t i n g  o f  r e s u l t s .
Methods o f  a p p ly in g  au tomation  and work s i m p l i f i c a t i o n  t o  the 
a n a l y t i c a l  and  r e c e p t i o n  p r o c e s s e s  l e a d i n g  t o  t h e  p r o d u c t i o n  o f  a 
r e s u l t  from the  p a t i e n t ' s  s p e c im e n  w ere  d e s c r i b e d  i n  C h a p t e r  2. In  
t h i s  c h a p t e r  some a s p e c t s  of  the  r e f i n i n g  o f  the  b a s i c  r e s u l t ,  and the  
p r o d u c t i o n  o f  a f i n a l  r e p o r t ,  p a r t i c u l a r l y  i n  a s s o c i a t i o n  w i t h  a 
l a b o r a t o r y  ' c l e r i c a l  d u t i e s '  computer w i l l  be c o n s i d e r e d .
3 . 1 .  Manual r e p o r t i n g  system
Raymond (1974)  i n  a survey  of  l a b o r a t o r y  computers  r e p o r t e d  
t h a t  most were " o n - l i n e ,  r e a l  t ime d a t a  a c q u i s i t i o n  s y s tem s ,  programmed 
on t h e  n a i v e  a s s u m p t i o n  t h a t  a r i t h m e t i c  i s  the  most  c r i t i c a l  problem 
f a c i n g  the  l a b o r a t o r y " .
T h a t  a r i t h m e t i c  i s  m a n i f e s t l y  n o t  t h e  p r o b l e m  c a n  be s e e n  by 
p r e s e n t i n g  the  lower h a l f  of  F igure  7 in  the  form o f  a network diagram 
d e t a i l i n g  the  s t e p s  invo lved  in  g e n e r a t i n g  and i s s u i n g  a manual r e p o r t  
from the  a u t h o r ' s  l a b o r a t o r y  in  1976 (F igure  29) .  The network ta k es  as  
a s t a r t i n g  p o i n t  t h e  e x i s t e n c e  o f  a h a n d - w r i t t e n  r e p o r t  which h a s  b e e n  
d e l i v e r e d  i n t o  th e  r e p o r t i n g  o f f i c e  by the  bench s t a f f .
I f  t h e  n e t w o r k  i s  th e n  c o n s id e re d  as  th e  l a t t e r  h a l f  o f  the  
c a r d i a c  enzyme a n a l y s i s  network o f  F i g u r e s  10 and 11, i t  c an  be s e e n  
t h a t  t h e  m a jo r  c o m p o n e n t s  o f  t h e  t o t a l  t u r n r o u n d  t i m e  r e q u i r e d  to
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a n a l y s e  and  r e p o r t  a s e t  o f  c a r d i a c  enzymes in  1976 were : specimen
t r a n s p o r t a t i o n ,  one and a h a l f  hours  , r e c e p t i o n / a n a l y s i s  -  two and a 
h a l f  h o u r s ,  r e p o r t  p r o d u c t io n  and checking one hour,  r e p o r t  d e l i v e r y  
two and a h a l f  hours
The m a jo r  t im e  d e l a y s  w i t h i n  t h e  r e p o r t i n g  o f f i c e  were  
a t t r i b u t a b l e  in  p a r t  to  the  d a i l y  s e q u e n c e  o f  f i l i n g ,  r e s p o n d i n g  t o  
t e l e p h o n e  e n q u i r i e s  and m a i l  d e l i v e r y  d e a d l i n e s .  This  cou ld  r e s u l t  i n  
d e l a y s  o f  over one hour b e f o r e  incoming l a b o r a t o r y  r e p o r t s  w ere  f i r s t  
merged  w i t h  p r e v i o u s  f i l e s ,  and  i s  r e f l e c t e d  in  the l a r g e  and v a r i e d  
time f o r  the  f i r s t  a c t i v i t y  in  the  network o f  F igure  29.
I t  i s  n o t e w o r t h y ,  t o o ,  t h a t  the cum ula t ive  f i l i n g  p rocedu re  
on i n i t i a l  r e c e i p t  o f  a r e q u e s t  n e c e s s a r i l y  assumed t h e  e x i s t e n c e  o f  
p r e v i o u s  r e p o r t s  and thus  t ime was l o s t  where t h i s  proved  n o t  to  be the  
c a s e .  Although the  d a t a  in  Table  14, which shows t h a t  a round 20% o f
f o rm s  r e l a t e d  t o  p a t i e n t s  who had no s u b s e q u e n t  r e q u e s t ,  r e f e r s  to  
e l e c t r o l y t e s ,  i t  i s  r e a s o n a b l e  t o  i n f e r  t h a t  a s u b s t a n t i a l  m i n o r i t y  o f  
incoming *B' group r e q u e s t s  would a l s o  no t  r e q u i r e  cu m u la t io n .
F i n a l l y ,  in  t h i s  s u b - s e c t i o n  i t  should be n o t e d  t h a t  F i g u r e
10 and  F i g u r e  29 n e e d  n o t  q u i t e  f i t  t o g e t h e r .  The gap  b e tw e e n  
a n a l y s i s  and the  r e p o r t  appea r ing  in  the  o f f i c e  a r i s e s  f o r  a number o f  
r e a s o n s  i n c l u d i n g  b a t c h in g  o f  r e q u e s t s  a t  the bench ,  and the  n e c e s s i t y  
to  t r a n s f e r  th e  form to  some o t h e r  a n a l y t i c a l  a r e a ,  a t o p i c  w h ich  w i l l
be d i s c u s s e d  f u r t h e r  in  S e c t io n  3 , 4 . 1 .
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I n t e r m i t t e n t  d e l i v e r y  o f  b a t c h e s  o f  fo rm s  
t o  t h e  r e p o r t i n g  o f f i c e  had t h e  tw in  c o n s e q u e n c e s  o f  l e n g t h e n i n g  
tu rn ro u n d ,  w h i le  o v e r lo a d in g  the c l e r i c a l  r e s o u r c e s  in  a manner ak in  to  
the  e f f e c t  on r e c e p t i o n  of  the  d i s t r i b u t i o n  p a t t e r n  o f  specimen a r r i v a l  
in  F ig u re  5,
I t  s h o u l d  be n o t e d  a l s o  t h a t  t h e s e  f i g u r e s  r e l a t e  t o  the  
d e l i v e r y  t im es  o f  r e p o r t s  by the  Royal I n f i r m a r y ' s  i n t e r n a l  m e s s e n g e r  
s e r v i c e  -  no a l l o w a n c e  i s  made in  F igure  29 fo r  the  t r a n s i t  t im es  of  
the  van s e r v i c e  which p r o v id e s  t r a n s p o r t a t i o n  f a c i l i t i e s  f o r  t h e  o t h e r  
h o s p i t a l s  w i t h i n  the  H ea l th  D i s t r i c t  (Table 9 ) .
A p o s s i b l e  s o l u t i o n  t o  the  requ i rem en t  f o r  f a s t  p r o d u c t i o n  of  
r e p o r t s ,  and  a p o s s i b l e  method o f  c i r c u m v e n t i n g  t h e  l e n g t h y  t ime 
d e l a y s  of  manual  d a t a - h a n d l i n g  i s  t h e  u s e  o f  a c o m p u t e r  s y s t e m  c o n ­
c e r n e d  m a i n l y  w i t h  a u t o m a t i o n  of  the  c l e r i c a l  a c t i v i t i e s  invo lved  in 
r e p o r t  p r o d u c t i o n  and main tenance  of  a d a t a  base f o r  f a s t  r e s p o n s e  t o  
e n q u i r i e s ,  c u m u l a t i o n  of  r e s u l t s ,  and r e s e a r c h  a c t i v i t i e s ,  A number 
o f  United  Kingdom sys tems  have been d e s c r i b e d  (Flynn, 1969; W h i tb y  and 
S im p s o n ,  1973;  P e t e r s ,  1976;  Abson e t  a l  1.977a, b ,  c ; U n d r i l l  and 
Gibson,  1978; H i r s t ,  e t  a l ,  1979; Naylor e t  a l ,  1979;  S c o t t i s h  H e a l t h  
S e r v i c e  P l a n n i n g  C o u n c i l ,  1979). The f u n c t i o n s  and p o t e n t i a l  o f  such 
sys tems w i l l  be d i s c u s s e d  below.
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3.2  Computer Repor t ing  -  D r i f t  C o r r e c t io n
The i n i t i a l  s t e p s  i n  p ro d u c t io n  o f  a r e p o r t  a r e  th o se  which 
r e f i n e  the  raw d a t a  o f  the  d a t a  c a p t u r e  system to  a f i n a l  form, and the 
f i r s t  o f  t h e s e  i s  t h e  p r o c e s s  known a s  d r i f t  c o r r e c t i o n .  Websters  
d i c t i o n a r y  d e f i n e s  d r i f t  as  a  " g rad u a l  change . . .  i n  a q u a n t i t a t i v e  
c h a r a c t e r i s t i c  o f  a p i e c e  o f  e q u i p m e n t "  (G ro v e ,  1 9 6 6 ) .  T h a t  con-  
t i n u o u s - f l o w  a n a l y s e r s ,  i n  p a r t i c u l a r ,  a r e  s u b j e c t  t o  d r i f t  i s  w e l l  
r e c o g n i s e d  (Whitby and Simpson,  1969; B enne t t  e t  a l ,  1970),  The d r i f t  
may be a consequence of  v a r i o u s  f a c t o r s  -  t e m p e ra tu r e  e f f e c t s  (Horn e t  
a l ,  1 974) d e t e r i o r a t i o n  o f  pump tu b i n g ,  or  e l e c t r o n i c  d r i f t  i n  d e t e c ­
t o r s .  I r r e s p e c t i v e  o f  the  cause  o f  the s y s t e m a t i c  a l t e r a t i o n s  i n  t h e  
s i g n a l ,  t h e  o b j e c t i v e s  o f  d r i f t  c o r r e c t i o n  a r e  t o  remove the  d i s t o r t i o n  
in  th e  a n a l y t i c a l  r e s u l t s .
3 .2 .1  Methods o f  d r i f t  c o r r e c t i o n
T h r e e  m e th o d s  o f  d r i f t  c o r r e c t i o n  w ere  c o n s i d e r e d  -  two 
d e r i v e d  t h e o r e t i c a l l y ,  and  one f rom common a n a l y t i c a l  p r a c t i c e .  
S u i t a b l e  programs were c o n s t r u c t e d  on a desk top  c a l c u l a t o r  (Wang 600) 
and the  d r i f t  c o r r e c t i o n  s i m u l a t i o n s  a p p l i e d  to  th e  143 c h a n n e l s  o f  raw 
d a t a  o b t a i n e d  f rom t h e  f i f t e e n  l a b o r a t o r i e s  w i th  SMA c o n t in u o u s  f low 
systems which p a r t i c i p a t e d  in  a Uni ted  Kingdom survey  o f  performance  o f  
m u l t i - c h a n n e l  a n a l y s e r s  (McLelland,  Fleck and Burns,  1978) .
The s i m u l a t i o n  o f  a commercia l ly  a v a i l a b l e  d r i f t  c o r r e c t i o n  
r o u t i n e  in v o lv e d  r e c a l i b r a t i o n  o f  the a n a l y s e r  ev e ry  t ime a s t a n d a r d  
was encoun te red  in  the  c o u r s e  o f  the  run -  i n  p r a c t i c e ,  eve ry  ten  cups .
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The s e c o n d  a p p r o a c h  -  c o n s t r a i n e d  r e g r e s s i o n  -  was b a s e d  on t h e  
co n c e p t  t h a t  d r i f t  was l i n e a r  w i th  t ime o v e r  t h e  p e r i o d  o f  t h e  t e s t .  
I f  t h i s  were  i n d e e d  t h e  c a s e  t h e n  t h e  o b s e r v e d  f l u c t u a t i o n s  in  the  
d r i f t  s t a n d a r d s  th roughou t  the  ba t c h  cou ld  be f i t t e d  t o  a r e g r e s s i o n  
l i n e ,  c o n s t r a i n e d  t o  p a s s  t h r o u g h  t h e  c a l i b r a t i o n  p o i n t  o f  e a c h  
a n a l y t i c a l  ch a n n e l ,  and th e  t e s t  r e s u l t s  c o r r e c t e d  a s  a p r o p o r t i o n  o f  
t h e  a d j u s t e d  r e f e r e n c e  v a l u e  a t  e a c h  sam p le  p o s i t i o n .  The t h i r d  
a l g o r i t h m  in v o lv ed  two s t a g e s ,  Horn e t  a l  ( 1 974) had  i n d i c a t e d  t h a t  
d r i f t  had two components - b a s e l i n e  d r i f t ,  which a f f e c t e d  the  i n t e r c e p t  
of  the  c a l i b r a t i o n  l i n e ,  and  s e n s i t i v i t y  d r i f t ,  w h ic h  a f f e c t e d  i t s  
s l o p e .  T h i s  b a t c h  method  w h ic h  c o u l d  be d e s c r i b e d  a s  a g e o m e t r i c  
c o r r e c t i o n ,  b e c a u s e  o f  i t s  d e r i v a t i o n  f rom  c o n s i d e r a t i o n  o f  t h e  
g e o m e t r y  o f  a b a t c h  o f  r e s u l t s ,  r e q u i r e d  t h a t  a l l  r e s u l t s  be f i r s t  
c o r r e c t e d  p r o p o r t i o n a l l y  fo r  b a s e l i n e  d r i f t ,  w h ich  was a s sum ed  t o  be 
l i n e a r  a c r o s s  t h e  b a t c h ,  and  th e n  c o r r e c t e d  f o r  s e n s i t i v i t y  d r i f t  in 
sm a l l  b a t c h e s  o f  t e n ,  bounded by d r i f t  s t a n d a r d s  a t  each  end,
3 . 2 . 2 .  Aims o f  D r i f t  C o r r e c t io n
A pprop r ia te  d r i f t  c o r r e c t i o n  should  aim, f i r s t l y ,  to  improve 
t h e  a c c u r a c y  o f  a n a l y s e s  and  s e c o n d l y ,  t o  r e d u c e  t h e  s p r e a d  o f  
r e p l i c a t e s .  In  a d d i t i o n ,  the  d a t a  from the  DHSS su rvey  (McLelland e t  
a l  , 1978) was des igned  to  p e r m i t  the  use o f  the  p a i r - d i f f e r e n c e  t - t e s t  
t o  m e a s u r e  d i s c r e p a n c i e s  between the  f i r s t  and second t r a y s .  C l e a r l y  
a s a t i s f a c t o r y  d r i f t  c o r r e c t i o n  method shou ld  d e c r e a s e  the  s i g n i f i c a n c e  
o f  s u c h  a m e a s u r e .  F u r t h e r ,  i f  d r i f t  c o n t r i b u t e d  s u b s t a n t i a l l y  to
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i n t e r - l a b o r a t o r y  v a r i a t i o n ,  d r i f t  c o r r e c t i o n  should  r educe  the  s p read  
of  a l l  r e p l i c a t e  r e s u l t s  from a l l  l a b o r a t o r i e s  f o r  any  one t e s t  se rum  
and method.
3 . 2 .3  R e s u l t s  o f  d r i f t  c o r r e c t i o n
A f t e r  d e t e r m i n i n g ,  by a p p l i c a t i o n  o f  t h e  p a i r - d i f f e r e n c e  
t - t e s t  t h a t  over t w o - t h i r d s  o f  t h e  143 c h a n n e l s  o f  raw d a t a  showed 
e v i d e n c e  o f  s i g n i f i c a n t  d r i f t ,  the  raw d a t a  was c o r r e c t e d  by a l l  t h r e e  
m e thods  and  t h e ' r e s u l t i n g  d a t a  r e - e v a l u a t e d  f o r  i m p r o v e m e n t s  i n  
a c c u r a c y ,  w i t h i n - b a t c h  p r e c i s i o n ,  and r e d u c t i o n  in  sp read  o f  r e s u l t s  
between l a b o r a t o r i e s .  Th is  work,  which has been p u b l i s h e d  e l s e w h e r e  
(M cL e l land  and F l e c k ,  1978),  i n d i c a t e d  t h a t  the  g e o m e t r i c a l l y  d e r i v e d  
c o r r e c t i o n  was the  most  s a t i s f a c t o r y  o f  the t h r e e ,  a l t h o u g h  the  method,  
u n l i k e  t h e  p r o s p e c t i v e  r e c a l i b r a t i o n  method ,  d i d  in c u r  s i g n i f i c a n t  
overheads  in c lu d in g  th e  measurement o f  b a s e l i n e  a t  t h e  b e g i n n i n g  and  
end o f  e a c h  b a t c h .  Some s u b s e q u e n t  work us ing  80 c o n s e c u t iv e  r e p l i ­
c a t e s  o f  th e  same m a t e r i a l  on the SMA 18/60 c o n f i g u r a t i o n  a t  G a r t n a v e l  
G e n e r a l  H o s p i t a l  showed t h e  e f f e c t  o f  t h e  d i f f e r e n t  types  o f  d r i f t  
c o r r e c t i o n  even more g r a p h i c a l l y  t h a n  t h e  d a t a  f rom  t h e  DHSS s t u d y ,  
a l t h o u g h  p r o v i d i n g  many l e s s  c h a n n e l s  o f  d a t a  f o r  a n a l y s i s .  The 
c r e a t i n i n e  channe l  from the  G ar tnave l  t r i a l  i s  p r e s e n t e d  i n  F i g u r e  30 
to  i l l u s t r a t e  bo th  the  need fo r  d r i f t  c o r r e c t i o n ,  th e  e f f e c t s  o f  the  3 
a l g o r i t h m s ,  and the  c o n s i d e r a b l e  improvement i n  p r e c i s i o n  w hich  can  be 
a c h i e v e d  w here  t h e  b e s t  a v a i l a b l e  d r i f t  c o r r e c t i o n  p r o c e d u r e s  a r e  
employed.
Crea t i n i ne  —  G D G H
1 0 0 0 -
Raw d a t a7 0 0 -
7 2 4
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4 0 0.
5 0 0
4 5 0
4 0 0
Autocal
X -  4 2 0
s d  = 20
so o n
4 5 0
4 0 0 -
Geomet r i c
X = 4 0 7  
s d  = 3
5 0 0 - i
Regres s ion
X = 4 1 24 5 0 -
Tr*T,
3 7 5 -
10 3 020 4 0 5 0 00 7 0 10
FIGURE 30 The e f f e c t s  o f  va r i ous  forms o f  d r i f t  c o r r e c t i o n  on
e i g h t y  r e p l i c a t e  s e r a  run on a SMA 18/60 mu l t i - c hanne l  
c on t i n u o u s - f l ow  a n a l y s e r .  ' Au t oc a l '  and 'SMA' a r e  
t r ademarks  o f  Technicon L t d . ,  B a s i n g s t o k e ,  UK.
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W h i le  d i s c r e t e  a n a l y s e r s  seem in  g e n e r a l ,  t o  be l e s s  
s u s c e p t i b l e  to  d r i f t ,  i t  was n o t i c e a b l e  t h a t  o v e r  a f u l l  t r a y  o f  60 
c a l c i u m  s a m p l e s  f o r  a n a l y s i s  on a V i c k e r s  D 300 a n a l y s e r ,  t h e r e  was 
o f t e n  a s i g n i f i c a n t  and  s u b s t a n t i a l  c h a n g e  i n  t h e  v a l u e  o f  t h e  
c a l i b r a t i o n  s t a n d a r d s  th ro u g h o u t  the  b a t c h ,  r e a c h in g  up t o  0 ,2  mmol/1 
by the  end of  the  b a t c h .  S ince  the development o f  th e  d r i f t  c o r r e c t i o n  
a l g o r i t h m s  i s  i n d e p e n d e n t  o f  a n a l y t i c a l  m e th o d ,  t h e  g e o m e t r i c  
c o r r e c t i o n  was a l s o  a p p l i e d  s u c c e s s f u l l y  t o  t h e  o u t p u t  f rom  t h i s  
i n s t r u m e n t .  N i s b e t  and Owen (1979) a l s o  r e p o r t e d  c o r r e c t a b l e  d r i f t  in  
d i s c r e t e  a n a l y s e r s .
Where no c a l c u l a t i o n  f a c i l i t y  i s  p ro v id e d ,  d r i f t  c o r r e c t i o n  
o f  a b a t c h  o f  f o r t y  r e s u l t s  f rom c o n t i n u o u s  f l o w  a n a l y s e r s  h a s  been  
t i m e d  a t  around one t o  two minu tes  per  channe l  and i s  performed l e s s  
w e l l  and more s low ly  where the  a n a l y t i c a l  r e s u l t s  d i f f e r  s u b s t a n t i a l l y  
f rom t h e  v a l u e  a s s i g n e d  t o  t h e  c a l i b r a t i o n  m a t e r i a l ,  s i n c e  the  c o r ­
r e c t i o n  i s  p r o p o r t i o n a l  r a t h e r  than a b s o l u t e .
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3*3, Performance M onitoring  and Batch A u t h o r i s a t i o n
D r i f t  c o r r e c t i o n  i s  the Las t  au to m a t ic  s t e p  in  th e  p r o d u c t i o n  
o f  a r e s u l t  f rom  a p a t i e n t ' s  s p e c im e n  and  i t  g e n e r a t e s  a b a t c h  o f  
r e s u l t s  w h ic h  m u s t  th e n  undergo some form o f  a u t h o r i s a t i o n  p ro c e d u re .  
From F ig u r e s  8 and 9 (Nodes 5 t o  6) i t  i s  c l e a r  t h a t  t h i s  a u t h o r i s a t i o n  
can  be a s lo w  p r o c e s s ,  and t h i s  s e c t i o n  w i l l  l o o k  a t  some o f  t h e  
a s p e c t s  of  perfo rmance  m o n i to r in g ,  and how th ey  may be e x p e d i t e d .  The 
b a s i s  o f  any  a u t h o r i s a t i o n  i s  t h e  c o n s i d e r a t i o n  o f  the  q u a l i t y  o f  a 
b a t c h  o f  r e s u l t s ,  as r e f l e c t e d  by Q u a l i ty  C o n t ro l  m a t e r i a l s  w i t h i n  t h e  
b a t c h  and any o t h e r  p o i n t e r s  to  the  accuracy  o f  the  p a t i e n t  d a t a .
P a t i e n t s '  d a t a  c a n  be u s e d  t o  i n d i c a t e  t h e  a n a l y t i c a l  
a c c u r a c y  o f  r e s u l t s ,  and a number of pape r s  have looked a t  the  use o f  
the  ba t c h  mean o f  the  p a t i e n t  samples a s  an i n d i c a t o r  f o r  t h e  need  f o r  
f u r t h e r  r e f i n e m e n t  o f  t h e  r e s u l t s  (Whitehead and M o r r i s ,  1969, Dixon 
and Northern, 1970, White,  1978) on t h e  b a s i s  t h a t  t h e  random mix o f  
s a m p l e s  w i t h i n  any one b a t c h  w i l l  r e f l e c t  the  ex p ec ted  d i s t r i b u t i o n  o f  
the  h o s p i t a l  p o p u l a t i o n ,  g iven  the  absence o f  undue i n t e r f e r e n c e s  l i k e  
a h igh  p r o p o r t i o n  of  o u t p a t i e n t  samples fo r  an a s s a y  such  as  p r o t e i n  or  
sodium where c l e a r  d i f f e r e n c e s  between embedded and  a m b u l a n t  s u b j e c t s  
have been no ted  (Lewis and Dixon,  1973), The c o r o l l a r y  t o  t h i s  i s  t h a t  
th e  b a t c h  d a t a  should  p r e s e n t  the  same mean and m e d ia n  a s  t h e  t o t a l  
h o s p i t a l  p o p u l a t i o n ,  and  t h a t  w here  t h i s  i s  n o t  the  c a s e ,  and where 
abnormal sample d i s t r i b u t i o n s  can be e l i m i n a t e d ,  an a c c u racy  c h a n g e  in
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t h e  d a t a  h a s  t a k e n  p l a c e .  T h i s  s h o u l d  a l s o  be r e f l e c t e d  i n  th e  
r e s u l t s  f o r  q u a l i t y  c o n t r o l  s e r a  and r e q u i r e s  t h a t  f u r t h e r  a c t i o n  be 
taken  to  r e f i n e  the  b a t c h  o f  r e s u l t s .
3 .3 .1  C a l i b r a t i o n  and Im prec is ion
W hi le  i t  was a t  one t i m e  s t a n d a r d  p r a c t i c e  t o  p r o c e s s  a 
" s t a n d a rd  curve"  w i th  each  ba tch  o f  p a t i e n t  s a m p l e s ,  t h e  o v e r h e a d s  o f  
su c h  p r o c e d u r e s  and t h e  need  fo r  a s i n g l e  serum s t a n d a r d  fo r  m u l t i ­
ch a n n e l  a n a l y s e s  e n s u r e d  t h a t  c u r r e n t  p r a c t i c e  commonly em ploys  
s e c o n d a r y  o r  t e r t i a r y  s t a n d a r d s  on the  l i n e a r  r e s p o n s e  p o r t i o n  o f  the  
a n a l y t i c a l  range and  i n t e r p o l a t e s  t h e  p a t i e n t  v a l u e s  by p r o p o r t i o n  
b e tw ee n  a s i n g l e  h igh  s t a n d a rd  r ead in g  and a low s t a n d a r d  or  b a s e l i n e .  
A number o f  a n a l y s e r s  now r o u t i n e l y  f e a t u r e  t h i s  t y p e  o f  c a l i b r a t i o n  
(eg T e c h n i c o n  SMAC, IL508)  , However, the  d e t e c t o r  re sponse  to  t h a t  
i n i t i a l  h igh  s t a n d a r d  w i l l  vary  from ba t c h  t o  b a t c h ,  in  accordance  w i th  
t h e  v a r i a n c e  o f  t h e  components o f  the  sys tem, bo th  e l e c t r o n i c ,  mecha­
n i c a l  and h y d r a u l i c .  In accordance  w i th  the  C e n t r a l  L im i t  Theorem, the 
p a t t e r n  o f  d e t e c t o r  r e sponse  to the  r e p e a te d  sampl ings  o f  the  s t a n d a r d  
w i l l  fo rm  a G a u s s i a n  d i s t r i b u t i o n .  The a p p r o p r i a t e  SD w i l l  be 
a p p r o x i m a t e l y  t h e  o b s e r v e d  w i t h i n  ba t c h  method SD a t  the  l e v e l  i n d i ­
c a t e d .  Thus,  i f  a sodium method has an SD o f  1,0 mmol/1 a t  a l e v e l  o f  
160 m m ol /1 ,  t h e n  t h e  d e t e c t o r  r e sponse  to  the  s t a n d a r d  w i l l  p roduce a 
v o l t a g e  c o r re s p o n d in g  t o  a sample w i t h i n  t h e  r a n g e  158-162  mmol/1 on 
95% o f  b a t c h e s .  C o n v e r s e l y ,  once  e v e r y  t w e n t y  b a t c h e s ,  the  s t a t e d  
va lue  o f  th e  s t a n d a r d  w i l l  be a s s ig n ed  to  a d e t e c t o r  s i g n a l  a p p r o p r i a t e
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to  a m a t e r i a l  where sodium c o n c e n t r a t i o n  i s  o u t s i d e  the  range  and t h a t  
b a t c h  o f  serum sodium r e s u l t s  w i l l  be c a l i b r a t e d  a t  an i n a p p r o p r i a t e  
l e v e l .  T h i s  f i n d i n g  was dem ons t ra ted  dur ing  the e v a l u a t i o n  o f  SMAC a t  
Edinburgh Royal  I n f i r m a r y ,  where r e - c a l i b r a t i o n  m a r k e d l y  a l t e r e d  t h e  
acc u racy  o f  each  b a t c h  (Dr I Percy-Robb -  p e r s o n a l  com m unica t ion ) . The 
e x e r c i s e  was r e p e a t e d  in  the  a u t h o r ' s  l a b o r a t o r y ,  g iv i n g  the  r e s u l t s  of  
F i g u r e  31 ,  w h e re  i t  i s  c l e a r  t h a t  r e c a l i b r a t i o n  a f t e r  each  group of  
e i g h t  r e p l i c a t e s  a l t e r s  the  acc u racy  o f  the  b a t c h ,
3 . 3 . 2  R e s u l t  E d i t i n g
From t h e  p r e c e d i n g  s e c t i o n ,  t h e r e  i s  scope  fo r  a f u r t h e r  
r e f i n i n g  o f  the  b a t c h  d a t a  on t h e  b a s i s  b o t h  o f  t h e  b a t c h  mean and 
m e d i a n ,  a n d  t h e  q u a l i t y  c o n t r o l s  w i t h i n  the  b a t c h ,  and t h i s  r e s p o n ­
s i b i l i t y  i s  u s u a l l y  g iv e n  t o  the  person  a u t h o r i s i n g  the  b a t c h  r e s u l t s .  
I t  i s  uncommon t o  have  i n d i c e s  l i k e  b a t c h  mean,  d a i l y  mean and 
c u m u l a t i v e  mean o v e r  a l o n g e r  t im e  p e r i o d  a v a i l a b l e  where  r e s u l t  
r e p o r t i n g  i s  n o t  au tomated ,  b u t  they  a r e  e a s i l y  computed and s e rv e  as  a 
f u r t h e r  i n s t a n c e  of  t h e  ways i n  w hich  a p p l i c a t i o n  o f  a u t o m a t i o n  can  
improve t h e  q u a l i t y  o f  the  f i n a l  r e s u l t s
3 . 3 . 3  Reschedu l ing  of  Ana lyses
R e q u e s t s  f o r  a r e p e a t  a n a l y s i s  o f  a p a t i e n t ’s  sample (Figure  
6) can a r i s e  e i t h e r  th rough  i n i t i a l  u n s a t i s f a c t o r y  a n a l y s i s ,  t h r o u g h  
t h e  o c c u r r e n c e  o f  p a r t i c u l a r l y  ab n o rm a l  r e s u l t s ,  th rough  inc om pa t i ­
b i l i t y  between c u r r e n t  r e s u l t s  and  t h e  c l i n i c a l  i n f o r m a t i o n  on t h e  
r e q u e s t ,  o r  t h r o u g h  u n e x p e c t e d  r a t e s  o f  c h a n g e  be tween c u r r e n t  and
SMAC K R ecalibra tion
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FIGURE 31 The f i g u r e  shows the  d i f f e r e n c e s  in t h e  mean l e ve l  o f
6 groups o f  e i g h t  r e p l i c a t e  samples f o l l owi ng  r e c a l i b r a t i o n
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p r e v i o u s  r e s u l t s .  A l l  o f  t h e s e  c o n s i d e r a t i o n s  a f f e c t  t h e  b a t c h  
a u t h o r i s a t i o n  p ro c e d u re s  and may l e a d  to  one o r  more s a m p l e s  f rom  t h e  
b a t c h  b e i n g  r e f e r r e d  f o r  f u r t h e r  a c t i o n .  I t  was n o t i c e a b l e ,  d u r ing  
t im ing  s t u d i e s  in  the  a u t h o r ' s  l a b o r a t o r y ,  t h a t  t h e  r e s c h e d u l i n g  o f  
a n a l y s e s  in  a l a r g e r  l a b o r a t o r y  cou ld  add days t o  the  o v e r a l l  t u rn round  
o f  t i m e ,  e i t h e r  b e c a u s e  t h e  l a b o r a t o r y  p e r f o r m e d  t h e  a s s a y  
i n f r e q u e n t l y ;  b e c a u s e  o f  t h e  t ime consuming p r o c e s s  o f  l o c a t i n g  the  
sample and per fo rm ing  the  r e p e a t  a n a l y s i s ;  b e c a u s e  o f  t h e  number o f  
samples which had accumula ted  in  the i n t e r i m ,  or  because  o f  the  g e n e r a l  
l a ck  o f  a s u i t a b l e  mechanism fo r  d e a l in g  w i th  such r e p e a t  s a m p l e s ,  and  
o f  a s s i g n i n g  a p p r o p r i a t e  p r i o r i t y  to  them.
While au tom at ing  the  r e p o r t i n g  s e q u e n c e  o f  t h e  e l e c t r o l y t e  
g r o u p  o f  t e s t s  by u s e  o f  a c o m p u t e r ,  p r o v i s i o n  was made fo r  such  a 
mechanism in  the  p ro d u c t i o n  o f  a f u r t h e r  r e q u i s i t i o n  f o r  a n a l y s i s  which 
i s  a u t o m a t i c a l l y  g e n e r a t e d  when the  f u l l  r e p o r t  i s  n o t  a u t h o r i s e d  fo r  
p r i n t i n g .  This  r e q u i s i t i o n  i s  d e l i v e r e d  by t h e  c o m p u te r  o p e r a t i o n s  
s t a f f  t o  t h e  a n a l y t i c a l  a r e a  i n  q u e s t i o n ,  thus  in form ing  them p o s i ­
t i v e l y ,  w i t h i n  minu tes  o f  the  d e c i s i o n ,  o f  t h e  n e e d  f o r  r e - a n a l y s i s .  
A l t h o u g h  no p a r t i c u l a r  p r i o r i t y  i s  n o r m a l l y  a l l o c a t e d  t o  t h e  
r e q u i s i t i o n ,  i t  i s  n o t i c e a b l e  t h a t  t h e  r e p e a t  a n a l y s i s  i s  a v a i l a b l e  
w i t h i n  a f u r t h e r  1 t o  2 h o u r s  and t h a t  the  ea se  o f  o p e r a t i o n  o f  t h i s  
p rocedu re  may w e l l  encourage  i t s  u s e ,  s i n c e  r e q u e s t s  f o r  r e - a n a l y s i s  of  
c o m p u t e r - b a s e d  t e s t s  a r e  f a r  in  excess  o f  those  f o r  o t h e r  s e c t i o n s  o f  
the  l a b o r a t o r y .  For example,  dur ing  the  month of  A p r i l ,  1981, no f e w e r
no,
t h a n  426 r e q u e s t s  f o r  r e p e a t  a n a l y s e s  o f  i n d i v i d u a l  t e s t s  from the  
e l e c t r o l y t e  group were made by the  r e p o r t i n g  team, c o n t r a s t i n g  w i t h  a 
t y p i c a l  f i g u r e  o f  a r o u n d  80 -100  f o r  t h e  w h o le  o f  t h e  r e m a i n i n g  
r e p e r t o i r e .
I l l
3.4 Repor t  P roduc t ion
F o l l o w i n g  a u t h o r i s a t i o n ,  some form  o f  p r i n t e d  r e p o r t  i s  
n e c e s s a r y .  Recommendations f o r  t h e  f o r m a t  and c o n t e n t s  o f  a r e p o r t  
form have  been made (Bold,  1976) and su g g e s t  t h a t ,  where a computer  i s  
used ,  a d d i t i o n a l  s im ple  a r i t h m e t i c ,  i n  t h i s  c a s e  i n d i c a t i o n  o f  t h e  
degree  of  a b n o rm a l i t y  o f  a r e s u l t  when r e f e r r e d  to  th e  most  a p p r o p r i a t e  
r e f e r e n c e  r a n g e ,  c a n  s i g n i f i c a n t l y  a s s i s t  i n t e r p r e t a t i o n .  B e f o r e  
l o o k i n g  c l o s e l y  a t  the  ad van tages  of  compute r -based  r e p o r t i n g  however, 
i t  i s  u s e f u l  to  c o n s id e r  the  o p e r a t i o n s  in vo lved  in  the  g e n e r a t i o n  o f  a 
f i n a l  r e p o r t  by t h e  two s y s t e m s  (manual and a u to m a te d ) ,  p r e s e n t l y  in  
use i n  the  a u t h o r ' s  l a b o r a t o r y .
3 ,4 .1  Network A n a ly s i s  -  Manually  r e p o r t e d  m u l t i p l e  r e q u e s t s
A l l  p r e v i o u s  c a l c u l a t i o n s  c o n c e r n i n g  t u r n r o u n d  t i m e  have 
c o n s id e r e d  p r i m a r i l y  r e q u e s t s  fo r  a s i n g l e  a n a l y s i s  o r  f u n c t i o n a l  group 
s u c h  a s  l i v e r  f u n c t i o n  t e s t s  or  e l e c t r o l y t e s .  I t  w i l l  have been no ted  
f rom T a b l e  12 h o w e v e r ,  t h a t  c o m p a r a t i v e l y  few t e s t  g r o u p s  a r e  
r e q u e s t e d  in  i s o l a t i o n .
F i g u r e  32 (a) shows t h e  n e t w o r k  r e q u i r e d  t o  p r o c e s s  a
combined r e q u e s t  fo r  LFTs, p r o t e i n s  and immunoglobulins in  19 80,  p r i o r  
t o  t h e  c o m p u t e r i s e d  r e p o r t i n g  o f  t h e  ' B ' group a n a l y s e s ,  and F igu re  
32(b) shows a s i m i l a r  combined r e q u e s t  fo r  LFT, p r o t e i n s  and magnesium.
W hi le  t h e  a n a l y s e s  p r o c e e d  i n  p a r a l l e l ,  a major e lement  of  
the  c r i t i c a l  p a th  c l e a r l y  r e l a t e s  t o  the  need t o  p a s s  the  r e q u e s t  form 
around 3 s e p a r a t e  work a r e a s  so t h a t  the r e s u l t s  can be added to  i t .
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The major d i f f e r e n c e  between F igu res  32(a)  and (b) r e l a t e  to 
the  tw ice  weekly p e r f o r m a n c e  o f  im m u n o g lo b u l in  a n a l y s i s .  T h i s  was 
a l m o s t  a l w a y s  r a t e - l i m i t i n g  on t h e  p r o d u c t i o n  o f  a complete r e p o r t  
which n o r m a l l y  t o o k  a number o f  w ork ing  d a y s .  I n  c o n t r a s t ,  s e rum  
m agnes ium ( F i g u r e  3 2 ( b ) )  was a n a l y s e d  d a i l y ,  n o r m a l l y  w i t h i n  a few 
hours  o f  r e c e i p t  o f  the  sample hence the  o t h e r  t e s t s  i n  the  g ro u p ,  and 
t h e  need  t o  p a s s  t h e  r e q u e s t  form from bench to  bench ,  became th e  r a t e  
l i m i t i n g  f a c t o r ,  and combined to  d e l a y  r e p o r t  p r o d u c t i o n  a t  l e a s t  u n t i l  
the  n e x t  working day a f t e r  r e c e i p t  of  the  r e q u e s t .
3 . 4 . 2  Network A n a ly s i s  -  computer produced r e p o r t s
I n  c o n t r a s t ,  t h e  n e t w o r k  a n a l y s i s  f o r  t h e  same r e q u e s t i n g  
p a t t e r n s  i n  1981 ,  when a l l  a n a l y s e s  f rom e a c h  n e t w o r k  w ere  b e i n g  
r e p o r t e d  by computer ,  i s  shown i n  F igure  33 (a) and ( b ) .
The major d i f f e r e n c e  between the  F ig u r e s  32 and  33 i s  t h a t  
t h e  p a r a l l e l  n a t u r e  o f  t h e  a n a l y s i s  has  been  c o n t i n u e d  i n t o  t h e  
r e p o r t i n g  p r o c e d u r e s  w i t h  s e p a r a t e  means ,  a t  b e n c h  l e v e l ,  f o r  d a t a  
e n t r y  i n t o  t h e  p r o c e s s o r .  This  has removed the  t ime d e l a y s  o f  t r a n s ­
f e r r i n g  th e  s i n g l e  r e q u e s t  fo rm s  i n  t h e  m a n u a l  s y s t e m  f rom b e n c h  t o  
b e n c h .  A f u r t h e r  d i s t i n c t i o n  b e tw ee n  t h e  two ne tworks  i s  t h a t  t ime 
d e l a y s  in  the  r e p o r t i n g  o f f i c e  a r e  reduced,  a s  many o f  t h e  f i l i n g  and  
t y p i n g  f u n c t i o n s  of  F igu re  29 which could n o t  be performed u n t i l  a f t e r  
the  a r r i v a l  of  the  r e s u l t s  in  the  r e p o r t i n g  a re a  have been t r a n s f e r r e d  
t o  d a t a  p r e p a r a t i o n  and can be performed much e a r l i e r  in  the  sequence .  
Th is  p r o v id e s  a more e v e n  p a t t e r n  o f  c l e r i c a l  a c t i v i t y  a c r o s s  t h e
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w o rk in g  d a y ,  and a v o i d s  t h e  o v e r l o a d  e f f e c t  o f  a l a r g e  b a t c h  o f  
h a n d - w r i t t e n  r e s u l t s  a r r i v i n g  l a t e  in  t h e  day .  The e f f e c t s  o f  F i g u r e  
33 on r e p o r t  d e l i v e r y  a r e  d i s c u s s e d  in  more d e t a i l  i n  S e c t io n  3 . 4 . 4 ,  
3 . 4 , 3  Cumulat ive Repor t ing
B oth  Bold  {1976) and Ormerod e t  a l  (1976) r e p o r t e d  l i t t l e  
i n t e r e s t  among c l i n i c a l  s t a f f  when cum ula t ive  b io c h e m is t ry  r e p o r t s  were 
o f f e r e d  t o  them a s  an o p t i o n  ( i n  t h e  W es te rn  I n f i r m a r y  s tu d y  58% of  
p h y s i c i a n s  and 42% o f  s u r g e o n s  s t a t e d  t h a t  t h e y  d i d  n o t  w an t  d a i l y  
c u m u l a t i v e  r e p o r t s ) .  I t  h a s  been  the  a u t h o r ' s  e x p e r i e n c e  t h a t ,  where 
c l i n i c a l  u n i t s  manual ly  cumula te  r e s u l t s ,  they do so over  t h e  r a n g e  o f  
l a b o r a t o r y  d i s c i p l i n e s  and  so  t h e  s u b - s e t  o f  c l i n i c a l  c h e m i s t r y  
r e s u l t s ,  however much o f  t h e  l a b o r a t o r y  r e p e r t o i r e  i s  r e p o r t e d  by 
computer ,  i s  o f  l i m i t e d  v a l u e .
The j u s t i f i c a t i o n  f o r  cum ula t ive  r e p o r t i n g  has  t h e r e f o r e  been 
q u e s t i o n e d  b e c a u s e  o f  t h e  a s s o c i a t e d  n e e d  f o r  l a r g e ,  f a s t  a c c e s s ,  
r e l a t i v e l y  expens ive  hard d i s c  systems (£10,000 f o r  28 Mb exchangeab le  
d i s c  d r i v e  and c o n t r o l l e r  a t  1980 p r i c e s )  which a r e  r e q u i r e d  so t h a t  
t o t a l  t i m e  t o  p r i n t  a cum u la t iv e  r e p o r t  can be k e p t  t o  around 15 s e c s  
maximum.
The c u m u l a t i v e  r e p o r t  can  be r e g a r d e d  s im p ly  as  the  end 
p r o d u c t  o f  a c u m u l a t i v e  f i l i n g  s y s t e m ,  s i n c e  a c u m u l a t i v e  p a t i e n t  
r e c o r d  i s  a p r e - r e q u i s i t e  f o r  the  p r o d u c t io n  o f  such a r e p o r t ,  and the  
more f u n d a m e n t a l  q u e s t i o n s  t h e n  r e l a t e  t o  t h e  n e e d  f o r  c u m u l a t i v e  
p a t i e n t  f i l e s  on the  p r o c e s s o r .
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W i t h i n  t h e  l a b o r a t o r y ,  t h e  p a t i e n t  d a t a  base  s e r v e s  t h r e e  
major i d e n t i f i a b l e  f u n c t i o n s :  q u a l i t y  c o n t r o l ,  r e s u l t  r e t r i e v a l  and
c o n s u l t a t i o n .
3 . 4 . 3 . 1  Q u a l i t y  C o n t ro l  and Cumulat ion
Q u a l i t y  c o n t r o l  u s i n g  p a t i e n t s '  d a t a  h a s  been d e a l t  w i th  
under S e c t io n  3 . 3 . 3  where i t  was i n d i c a t e d  t h a t  u n a c c e p t a b l e  r a t e s  o f  
change between c u r r e n t  and p r e v io u s  r e s u l t s  would l e a d  to  r e - s c h e d u l i n g  
of  r e q u e s t s .  Moreover,  s u b j e c t i v e  im p res s io n s  a re  t h a t  i t  i s  the  g r o s s  
a n a l y t i c a l  e r r o r s  -  th e  misp laced  dec imal  p o i n t ,  f o r  example,  which a re  
p ic k ed  up by t h i s  check ing  p rocedu re  and the  r e l e a s e  t o  t h e  c l i n i c i a n  
o f  t h i s  t y p e  o f  o r d e r  o f  m a g n i tu d e  e r r o r  w i l l ,  a t  minimum, s e r i o u s l y  
e f f e c t  t h e  c r e d i b i l i t y  o f  a l l  l a b o r a t o r y  r e s u l t s  f o r  a p e r i o d .  
C o m p u te r s  have  b e e n  u s e d  t o  f l a g  r e s u l t s  exceeding  the  maximum p e r -  
m i s s a b l e  r a t e  o f  change s in c e  the  l a s t  a n a l y s i s ,  and  i n d e e d ,  s y s t e m s  
have  b e e n  d e v i s e d  t o  s t r e a m - s p l i t  a ba t c h  o f  r e p o r t s  i n t o  those  which 
s a t i s f y  r e f e r e n c e  range  and r a t e  o f  change c r i t e r i a  f o r  r o u t i n e  i s s u e ,  
and t h o s e  w h ic h  do n o t ,  and  a r e  h e l d  back  f o r  b i o c h e m i s t s  s c r u t i n y  
(Clark e t  a l ,  1980).
3 . 4 . 3 . 2  Enquiry  f a c i l i t i e s  and cum ula t ion
R e t r i e v a l  o f  c u r r e n t  and  p r e v i o u s  r e s u l t s  i n  r e s p o n s e  to  
e n q u i r i e s  i s  a n e c e s s a r y  f u n c t i o n  o f  an  e f f i c i e n t  l a b o r a t o r y  a n d ,  
w i t h o u t  a w e l l - s t r u c t u r e d  d a t a  b a s e  and p a t i e n t  r e c o r d  management 
sys tem,  re sponse  to e n q u i r i e s  w i l l  be e x c e s s i v e l y  p ro longed .
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3 . 4 . 3 . 3  C o n s u l t a t i o n  and cum ula t ion
A r g u a b l y  t h e  m o s t  im p o r t a n t  f u n c t i o n  which l a b o r a t o r y  s t a f f  
f u l f i l  i s  t h a t  o f  c o n s u l t a t i o n  w i t h  c l i n i c a l  c o l l e a g u e s  who a r e  n o t  
s p e c i a l i s t s  i n  l a b o r a t o r y  m ed ic ine .  While l i m i t e d  in f o rm a t io n  may be 
d e r iv e d  from c u r r e n t  r e s u l t s  a l o n e ,  c o n s t r u c t i v e  comment w i l l  o f t e n  
depend on r a t e  o f  change in fo rm a t io n .
These t h r e e  arguments form the  b a s i s  o f  the  j u s t i f i c a t i o n  fo r  
the  cum ula t ive  d i s c  f i l e s ,  and  c u m u l a t i v e  r e p o r t  p r o d u c t i o n  by t h e  
l a b o r a t o r y  can  t h e n  be j u s t i f i e d  on the  grounds o f  e f f i c i e n c y ,  and of  
s e l e c t i o n  o f  r e l e v a n t  t e s t s ,
3 . 4 . 3 . 4  E f f i c i e n c y  of cum ula t ive  r e p o r t s
W hi le  t h e r e  i s  no r e a s o n  n o t  to  i s s u e  s i n g l e  r e p o r t s ,  i t  i s  
dem ons t rab ly  more e f f i c i e n t  t o  p r i n t  r e l e v a n t  p r e v io u s  r e s u l t s  on t h e  
same p ie c e  o f  p a p e r ,  than  to  c r e a t e  the need fo r  a s e p a r a t e  e n q u i ry  fo r  
p a s t  r e s u l t s  a t  a VDU s c r e e n  fo r  the  q u a l i t y  c o n t r o l  c h e c k  d e s c r i b e d  
a b o v e .  L o g i s t i c  d i f f i c u l t i e s  a l s o  t e n d  t o  i n v a l i d a t e  t h i s  o p t i o n ,  
s i n c e  t h e r e  w i l l  be few l a b o r a t o r i e s  who can a f f o r d  to  r e s e r v e  bo th  the  
manpower and t h e  VDUs n e c e s s a r y  t o  v a l i d a t e  a s u b s t a n t i a l  b a t c h  o f  
r e p o r t s .  The r e q u i r e m e n t  f o r  an a d d i t i o n a l  a c t i v i t y  t o  c a l l  up 
p r e v i o u s  r e s u l t s  w i l l  u n d e r s t a n d a b ly  ex tend  the  t ime taken  to  check a 
b a t c h  o f  r e p o r t s ,  e v e n  where  t e r m i n a l s  and  a d e q u a t e  c o m p u te r  c o r e  
memory a re  a v a i l a b l e .  For example ,  the  t y p i c a l  r e t r i e v a l  t imes  o f  5-15
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s e c s  t o  s c a n  a l l  a v a i l a b l e  p r e v io u s  r e s u l t s  mean t h a t  a b a t c h  o f  200 
r e p o r t  forms w i l l  t a k e  around h a l f  an hour t o  check  s i n c e  t h e  e n q u i r y  
would have to  be made even where the  p a t i e n t  had no p r e v io u s  r e p o r t s .
The g e n e r a t i o n  o f  c u m u l a t i v e  r e p o r t s  i m p l i e s  t h a t  t h e  end 
u s e r ,  in t h i s  case  the  c l i n i c i a n ,  o b t a i n s  no t  o n ly  the  c u r r e n t  r e s u l t s ,  
bu t  a l s o  the c o n t e x t  i n  which th e s e  r e s u l t s  must be c o n s i d e r e d ,  s i n c e  
a l l  r e c e n t  r e l e v a n t  p r e v i o u s  r e s u l t s  w i l l  a l s o  be on t h e  r e p o r t .  
F i n a l l y ,  as  Bold a l s o  rem a rks ,  g iven  t h a t  some c l i n i c i a n s  do w i s h  t h e  
o p t i o n  o f  c u m u l a t i v e  d a t a  a t  some s t a g e ,  whether  t h e s e  a r e  produced 
r o u t i n e l y  o r  o n l y  on  demand h a s  l i t t l e  i n f l u e n c e  on t h e  s i z e  o f  
hardware c o n f i g u r a t i o n  r e q u i r e d  (Bold 1976),
3 , 4 .4  I n t e r i m  r e p o r t s
Many l a b o r a t o r i e s  which use manual r e p o r t i n g  p ro c e d u re s  make 
l i t t l e  or no a t t e m p t  t o  p ro v id e  any th ing  o t h e r  than  th e  r e t u r n  o f  e a c h  
p a t i e n t ' s  r e p o r t  t o  t h e  c l i n i c i a n ,  e i t h e r  as  a s i n g l e  r e p o r t  or  as  a 
cum ula t ive  s h e e t .  S ince  t h i s  i n v o l v e s  t h e  k i n d  o f  t i m e  c o n s t r a i n t s  
m e n t i o n e d  i n  S e c t i o n  3 , 4 , 1 ,  e s p e c i a l l y  where f a s t  and slow tu rn round  
r e q u e s t s  a r e  g r o u p e d  t o g e t h e r  on t h e  same r e q u e s t  f o rm ,  a p a r t i a l  
s o l u t i o n ,  t h a t  of  pho tocopying  th e  master  r e s u l t s  cu m u la t iv e  c a r d  each  
t ime a sub-group  o f  a n a l y s e s  i s  a v a i l a b l e ,  i s  commonly used ,  t h e  m a jo r  
a l t e r n a t i v e  b e i n g  t h e  s e g r e g a t i o n  o f  u r g e n t  and l e s s  u rg e n t  r e q u e s t  
g r o u p s  on d i f f e r e n t  f o rm s  a s  p r e v i o u s l y  p r a c t i s e d  i n  t h e  a u t h o r s
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l a b o r a t o r y  (See S e c t i o n  2 . 2 , 2 ) ,  t o g e th e r  w i th  c o n t i n u a l  reminders  to  
th e  r e q u e s t i n g  c l i n i c i a n s  t h a t  m u l t i p l e  r e q u e s t i n g  on any  on e  fo rm  i s  
l i k e l y  to  d e l a y  the  r e t u r n  o f  a r e s u l t s  (S ec t ion  3 . 4 . 1 ) ,
Both methods remain dependent  on th e  messenger s y s t e m ,  y e t  a 
m a jo r  b e n e f i t  o f  a r e p o r t i n g  co m p u te r  i s  i t s  a b i l i t y  t o  i s s u e  
p a r t i a l l y - c o m p l e t e d  r e p o r t s .  Any a n a l y t i c a l  g r o u p s  o r  s i n g l e  
r e s u l t s ,  i f  a v a i l a b l e ,  c a n  be f u l l y  r e p o r t e d  and i s s u e d ,  even where 
the  o th e r  e l em en ts  o f  the  m u l t i p l e  r e q u e s t  have n o t  y e t  been a n a l y s e d .  
In t h i s  way, the  a c t i v i t i e s  involved  in  p r o c e s s in g  each  s i n g l e  a n a l y s i s  
or f u n c t i o n a l  group can be c o n s id e re d  independen t  o f  th e  o th e r  r e q u e s t s  
on t h e  fo rm f rom  t h e  p o i n t  a t  which r e c e p t i o n  have i s s u e d  a sample to  
each  bench no m a t t e r  how many groups  o f  t e s t s  a r e  r e q u e s t e d ,  o r  w ha t  
t h e i r  i n d i v i d u a l  t u r n r o u n d  t imes  a re  (Pig ,  33 ) ,  Indeed ,  w i th o u t  t h i s  
c a p a b i l i t y ,  the  combined 'X'  r e q u e s t  form of  P l a t e  IV c o u l d  n o t  have  
been con tem p la ted ,
3 . 4 , 5  Enquiry f a c i l i t i e s  -  l o c a l  and d i s t r i b u t e d
The u se  o f  a v a r i e t y  o f  a c c e s s  keys can a l lo w  r e t r i e v a l  o f  
the  p a t i e n t  d a t a  by h o s p i t a l  and ward, l a b o r a t o r y  a c c e s s i o n  num ber ,  and  
h o s p i t a l  c a s e  r e f e r e n c e  number i n  a d d i t i o n  t o  w h a t  h a s  come to  be 
r eg a rd ed  a s  the  s t a n d a r d  method o f  s ea rch  by p a t i e n t  surname.
F a s t  r e t r i e v a l  o f  d a t a  u s i n g  t h e s e  k e y s  o f f e r s  t h e  f i r s t  
s i g n i f i c a n t  advantage  over  a manual  s y s t e m  i n  t h a t  i t  i s  r e l a t i v e l y  
e a s y  t o  l i s t  a l l  c u r r e n t  r e s u l t s  f o r  any  g i v e n  ward  o r  c l i n i c  in  
r e s p o n s e  t o  a t e l e p h o n e  e n q u i r y .  I n  a m anua l  s y s t e m ,  t h e  t e d i o u s
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p r o c e s s  o f  r e t r i e v a l  o f  r e s u l t s  f o r  e a c h  named p a t i e n t  h a s  t o  be 
u n d e r t a k e n  on an  i n d i v i d u a l  b a s i s ,  f rom t h e  v a r i e t y  o f  m a n u a l l y  
m a in ta ined  f i l e s  and l o c a t i o n s  shown in  F igure  29,
Timing s t u d i e s  i n d i c a t e d  a median of  2-3 m inu tes  s e a r c h  t im e  
f o r  e a c h  r e c o r d  i n  t h e  m a nua l  s y s t e m ,  b u t  t h i s  d e p e n d e d  on t h e  
e x p e r i e n c e  of  th e  b io c h e m is t  o r  c l e r k e s s  c o n d u c t i n g  t h e  s e a r c h ,  and 
r e q u i r e d  c a r e f u l  i n t e r r o g a t i o n  of  the  e n q u i r e r  to  de te rm in e  the  most 
l i k e l y  s t a r t i n g  p o i n t  w i t h i n  the  manual s y s t e m .  For e x a m p l e ,  on t h e  
manual f i l e s  of  1978 a r e q u e s t  fo r  c h o l i n e s t e r a s e  p h e n o t y p in g , r e c e i v e d  
two days p r i o r  t o  e n q u i r y ,  was most l i k e l y  to  be s t i l l  p e n d i n g ,  w h i l e  
a r e q u e s t  fo r  a two-day o l d  l i v e r  f u n c t i o n  t e s t  p r o f i l e  had over  a 95% 
p r o b a b i l i t y  of  being s t o r e d  in  the  completed r e s u l t s  f i l e ,  b u t  o n ly  i f  
i t  had  been  r e q u e s t e d  on a s e p a r a t e  f o r m ,  r a t h e r  than as  p a r t  o f  a 
combined r e q u e s t .
A l s o ,  f rom F ig u re  29, i t  i s  c l e a r  t h a t  the  p a t i e n t s '  r e s u l t s  
would be t r a n s f e r r e d  from l o c a t i o n  t o  l o c a t i o n  w i t h i n  t h e  r e p o r t i n g  
o f f i c e  du r ing  the  checking p r o c e s s ,  and a number of  th e s e  l o c a t i o n s  d id  
n o t  hold  the  r e s u l t s  i n  a l p h a b e t i c a l  o r d e r .  R e t r i e v a l  t i m e  c o u l d  
t h e r e f o r e  be p r o l o n g e d ,  d e p e n d i n g  on t h e  t i m e  o f  day a t  which the  
e n q u i r e r  te lephoned .  For e x a m p l e ,  be tw e e n  4 and  5 pm t h e  number o f  
r e c o r d s  i n  t h e  t e m p o r a r y  f i l e s  i n c r e a s e d  c o n s i d e r a b l y  and were n o t  
a c t i v e l y  c l e a r e d ,  s i n c e  c l e r i c a l  a c t i v i t y  around t h i s  t i m e  was g e a r e d
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t o  p r e s e n t i n g  t h e  maximum number o f  r e c o r d s  t o  t h e  b i o c h e m i s t  fo r  
ch ec k in g ,  and to  s o r t i n g  and i s s u i n g  r e p o r t s  in  th e  f i n a l  d e l i v e r y  of  
the  day.
I n  c o n s e q u e n c e ,  a  t e l e p h o n e  e n q u i r y  l a t e  in  the  a f t e r n o o n  
migh t  r e q u i r e  a s e a r c h  t h r o u g h  o v e r  a h u n d r e d  r e c o r d s  i n  t h e s e  n o n ­
indexed temporary  f i l e s  w i th  a consequen t  de l a y  i n  r e s p o n s e ,
A c o n s i d e r a b l e  advan tage  of  a computer  sys tem i s  t h e  a b i l i t y  
o f  a  s i n g l e  e n q u i ry  program to  i n d i c a t e  the  p r o g r e s s i o n  in  s t a t u s  o f  
any r e q u e s t  as  i t  i s  p ro c e s s e d  by the  l a b o r a t o r y ,  i r r e s p e c t i v e  o f  t h e  
number o f  l o c a t i o n s  t o  which r e s u l t s  w i l l  u l t i m a t e l y  be w r i t t e n .  Again 
t h i s  c o n t r a s t s  m a r k e d l y  w i t h  t h e  manua l  s y s t e m  w here  t h e  c h a n g e  in  
s t a t u s  o f  a r e q u e s t  from 'p e n d in g '  through ' r e s u l t  a v a i l a b l e  b u t  n o t  
y e t  checked '  t o  ' r e s u l t  f u l l y  v a l i d a t e d  and r e p o r t  i s s u e d ' i s  marked by 
a change in  the  p h y s i c a l  l o c a t i o n  of  the  r e q u e s t  w i t h i n  the  c o n f i n e s  of  
the  r e p o r t i n g  o f f i c e .
S i n c e  e n q u i r y  f a c i l i t i e s  a r e  an  e s s e n t i a l  component to  any 
l a b o r a t o r y  computer ,  and s i n c e  modern p r o c e s s o r s  w i l l  s u p p o r t  a number 
o f  s i m u l t a n e o u s l y  o p e r a t i n g  t e r m i n a l s ,  the  p r o v i s i o n  o f  p e r i p h e r a l s  in  
Ward a r e a s  i s  an obv ious  e x t e n s i o n  o f  t h e  i n t r a - l a b o r a t o r y  t e r m i n a l  
network.
Ward t e r m i n a l s  have 2 major advan tages  t o  the  c l i n i c i a n  - t h e y  
can be made a v a i l a b l e  o u t s i d e  normal l a b o r a t o r y  working hours  and they  
can  h e l p  t o  r e d u c e  t u r n r o u n d  t i m e s .  T h i s  l a t t e r  o b j e c t i v e  c an  be 
a c h i e v e d  e i t h e r  by a u t o m a t i c  p r i n t o u t  o f  i n t e r i m  r e p o r t s  u s i n g  a
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p ro g ra m  i n i t i a t e d  by t h e  r e a l - t i m e  c l o c k  i n s i d e  the  compute r ,  or  by 
e n q u i ry  f a c i l i t i e s  e n a b l in g  c l i n i c i a n s  t o  r e t r i e v e  r e s u l t s  a s  soon  a s  
t h e y  become a v a i l a b l e ,  w i t h  no d e l a y  t h r o u g h  m e ss e n g e r  d e l i v e r y  of 
r e p o r t s  (See S e c t i o n  3 . 4 . 7 ) .
E n q u i r y  p r o g r a m s  f o r  ward a r e a s  u s e  s u b s e t s  o f  t h e  f u l l  
f a c i l i t i e s  accorded  to  the  l a b o r a t o r y  u s e r ,  and r e i n f o r c e  t h e  r e q u i r e ­
ment  f o r  a s t a t u s  m a r k e r ,  s i n c e  o n l y  t h o s e  r e s u l t s  which have been 
f u l l y  v a l i d a t e d  by the  l a b o r a t o r y  a r e  normal ly  made a v a i l a b l e  a t  su c h  
t e r m i n a l s .  The p r o v i s i o n  o f  t e r m i n a l s  a t  d i s t a n t  s i t e s  a l s o  b r i n g s  
the  problems of  c o n f i d e n t i a l i t y  to  the  fo r e  s in c e  t h e s e  t e r m i n a l s  a r e  
no lo n g e r  under th e  c l o s e  s u p e r v i s i o n  o f  the  l a b o r a t o r y  s t a f f .
3 . 4 . 6  C o n f i d e n t i a l i t y  and remote t e r m in a l s
R e q u e s t s  f o r  l a b o r a t o r y  a n a l y s e s  a r e  r e q u e s t s  f o r  a con­
s u l t a t i o n  between the  r e q u e s t i n g  c l i n i c i a n  and the  depa r tm en t  concerned  
(M arks ,  1 9 7 2 ) .  C o n s u l t a t i o n  r e q u i r e s  the  r e l e a s e  o f  c l i n i c a l  i n f o r ­
mation to  the  l a b o r a t o r y  and t h i s  in fo rm a t io n  w i l l  be s t o r e d ,  w i t h  t h e  
r e s u l t s ,  i n  any  c l e r i c a l  s y s t e m ,  w h e t h e r  i t  be m a n u a l  o r  computer  
ba sed .  I t  i s  t h e r e f o r e  c l e a r l y  n e c e s s a ry  t h a t  l a b o r a t o r i e s  s a f e g u a r d  
t h i s  i n f o r m a t i o n  e n t r u s t e d  to  t h e i r  keep ing ,  and t h a t ,  in  p a r t i c u l a r ,  
l a b o r a t o r y  computer  systems be des igned  to  p r e v e n t  u n a u t h o r i s e d  t h i r d  
p a r t i e s  f rom  o b t a i n i n g  a c c e s s  t o  s e n s i t i v e  m ed ica l  d a t a ,  which may be 
c l a s s i f i e d  a s  i n f o r m a t i o n  w h ich  would  be p o t e n t i a l l y  dam ag ing  o r  
e m b a r r a s s i n g  t o  t h e  p a t i e n t  were i t  t o  f a l l  i n t o  t h e  hands o f  i l l -  
i n t e n t i o n e d  p e r s o n s .
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A number o f  p u b l i c a t i o n s  have a t te m p te d  t o  e s t a b l i s h  g u id e ­
l i n e s  on who s h a l l  have  a c c e s s  t o  p e r s o n a l  d a t a  on NHS and  o t h e r  
computers  (NHS C i r c u l a r  1978 (GEN)23; MRC,(197 3 ) ;HMSO Cmnd 7 3 4 1 , (1 9 7 8 ) ;  
G r i e s s e r ,  e t  a l  1980) b u t  th e s e  documents base  t h e i r  r e c o m m e n d a t i o n s  
r o u n d  t h e  c o n c e p t  o f  a m e d i c a l  r e c o r d  i n  t h e  s e n s e  o f  p a t i e n t  d a t a  
s t o r e d  by a m e d i c a l  r e c o r d s  o f f i c e ,  t h e  p a t i e n t ' s  c a s e  n o t e s  and 
s u b s e t s  o f  t h a t  i n f o r m a t i o n  s u c h  as  p a t i e n t  M a s t e r  I n d e x  f i l e s  on 
h o s p i t a l  compute rs .
Only r e c e n t l y ,  and on ly  in  the  S c o t t i s h  H ea l th  S e r v i c e ,  has a 
code o f  conduct  c o n s id e r e d  the  p a r t i c u l a r  r e q u i r e m e n t s  o f  l a b o r a t o r y  
c o m p u t e r s ,  i n  v iew  o f  t h e  i n c r e a s i n g  use  o f  modern  m u l t i - t e r m i n a l  
p r o c e s s o r s  in  c l i n i c a l  l a b o r a t o r i e s  (Challand e t  a l  1979; SHSPC, 197 9; 
DHSS, 1975; Siemaszko,  1978).
D i s c u s s i o n s  l e a d i n g  t o  t h e  p u b l i c a t i o n  o f  NHS C i r c u l a r  
1982(GEN) 19 i d e n t i f i e d  a t  l e a s t  t h r e e  i d e n t i f i a b l e  a r e a s  o f  c o n c e r n  
where s e n s i t i v e  d a t a  i s  s t o r e d  on a computer.  These a r e :
a) u n c o n t r o l l e d  a c c e s s  by means o f  c l i n i c a l  i n f o r m a t i o n  f i e l d s
and l a b o r a t o r y  r e s u l t s ,  s in c e  th e s e  keys can group to g e t h e r  
p a t i e n t s  by d i a g n o s i s  or by d i a g n o s t i c  r e s u l t .  R a i s e d  
C a r c i n o e m b r y o n i c  a n t i g e n  l e v e l s  c o u l d  i d e n t i f y  a group o f  
s u s p e c te d  c an c e r  s u b j e c t s ,  fo r  example.  T hese  k e y s  a r e  n o t  
a v a i l a b l e  w i t h i n  t h e  a l p h a b e t i c a l l y  o r d e r e d  manual f i l e s  of  
F igu re  29 (Nodes 3 and 22) ,
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b) l a c k  o f  c o n t r o l  by t h e  l a b o r a t o r y  o v e r  a c c e s s  t o  r e m o t e
t e r m i n a l s ,  p a r t i c u l a r l y  where t h e  compute r  i s  l e f t  r u n n i n g ,  
u n a t t e n d e d ,  o v e r n i g h t  t o  p r o v i d e  a p a t i e n t  r e s u l t s  en q u i ry
s e r v i c e  i n  t h e  even ings .
c) D is p o s a l  o f  i n t e r i m  r e p o r t s .
A p p r o p r i a t e  co u n te r  measures t o  each p o t e n t i a l  r i s k  in c lu d e
l i m i t i n g  t h e  number and type  o f  programs a v a i l a b l e  a t  such  t e r m i n a l s ;  
th e  s p e c i f i c  e x c l u s i o n  o f  programs which use c l i n i c a l  or  r e s u l t  d a t a  as 
p a r t  o f  t h e  key; i n s t a l l a t i o n  o f  t e r m i n a l s  a t  s e c u r e  s i t e s  su c h  a s  
n u r s in g  s t a t i o n s  o r  medica l  s t a f f  rooms to  a t t e m p t  t o  p r e v e n t  u n au tho r ­
i s e d  a c c e s s ;  e x c l u s i v e  use o f  k e y s ,  such  a s  h o s p i t a l  c a s e  r e f e r e n c e  
number, which demand knowledge o f  the  user  which i s  normal ly  r e s t r i c t e d  
t o  h o s p i t a l  p e r s o n n e l ;  and s t r i n g e n t  l i m i t a t i o n s  on t h e  amount o f  t e x t  
i n f o r m a t io n  a s s o c i a t e d  w i th  r e p o r t s  p r i n t e d  a t  ward s i t e s .  For example 
t h e  c o n t e n t  o f  a p r i n t e d  i n t e r i m  r e p o r t  or  e n q u i ry  program p r i n t o u t  sh 
o u l d  n o t  i n c l u d e  c l i n i c a l  i n f o r m a t i o n  o r  i n t e r p r e t i v e  comment and 
p a t i e n t  i d e n t i f i c a t i o n  must  be r e s t r i c t e d  t o  p a t i e n t  name, ward and 
h o s p i t a l  number a s  t h e  minimum re q u i r e d  t o  e n s u re  p roper  matching o f  
p a t i e n t  and r e s u l t .
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A l l  o f  t h e s e  c o n f i d e n t i a l i t y  r eq u i re m en ts  c o n s i d e r a b l y  l i m i t  
the  use  o f  Ward Term ina ls  t o  t h e  e x t e n t  t h a t  one m i g h t  q u e s t i o n  t h e  
a d v i s a b i l i t y  o f  the  l a b o r a t o r y  i n s t a l l i n g  them a t  a l l .  The main d r i v e  
behind the  i n s t a l l a t i o n  o f  Ward T erm ina l s ,  however,  i s  th e  c o n s i d e r a b l e  
impact  which they  can have on tu rnround  t im es .
3 . 4 ,7  E f f e c t  o f  Ward Term ina ls  on Turnround time
Conscious of  the  advan tages  to  be ga ined  from Ward T e rm ina l s ,  
the B io c h em is t ry  Department in  Glasgow R oya l  I n f i r m a r y  i n s t a l l e d  t h e
t
f i r s t  two 30 c p s  p r i n t i n g  t e r m i n a l s  a t  s e l e c t e d  s i t e s  w i t h i n  t h e  
m e d i c a l  and  s u r g i c a l  b l o c k s  o f  t h e  h o s p i t a l  i n  S e p t e m b e r ,  1978,  
o f f e r i n g  24 h a v a i l a b i l i t y  o f  d a t a  and a s u i t e  o f  e n q u i ry  programs 
s u p p l y i n g  i n f o r m a t i o n  w i t h i n  t h e  c o n s t r a i n t s  o f  S e c t i o n  3 . 4 , 5  and 
3 . 4 . 6 ,  and  a l s o  o f f e r i n g  g e n e r a l  i n f o r m a t i o n  on r e q u e s t  p ro c e d u re s  
(S ec t ion  2 , 2 . 3 ) ,
A d d i t i o n a l  t e r m i n a l s  have s in c e  been i n s t a l l e d  or  s p e c i f i e d  
a t  the  Renal  U n i t ,  O u t p a t i e n t  Department,  and t h e  s u r g i c a l  f l o o r s  o f  
Phase 1 o f  th e  new Royal I n f i r m a r y .
To e v a l u a t e  the  usage o f  the se  t e r m i n a l s ,  which in  1978 were 
c a p a b le  on ly  o f  r e p o r t i n g  e l e c t r o l y t e  p r o f i l e s  and a s s o c i a t e d  'A'  group  
t e s t s ,  e a c h  a c c e s s  a t  a t e r m i n a l  was logged .  The d a t a  on usage over 
the  f i r s t  5 months i s  shown i n  T a b l e  30 .  D a ta  i n  T a b l e  30 e x c l u d e s  
m u l t i p l e  e n q u i r i e s  made i n  q u i c k  s u c c e s s i o n ,  and d a t a  from th e  f i r s t  
two weeks o f  o p e r a t i o n ,  t o  e l i m i n a t e  the e f f e c t  o f  t h e  n o v e l t y  v a l u e  
o f  th e  t e r m i n a l s .
TABLE 30
WARD TERMINAL ACCESSES
a) Oct '78 t o  Feb '79
Terminal Program In Hours Out o f  Hours
Medica l
Block
C u r re n t
R e s u l t s 273 220
P a s t
Repor ts 84 68
S u r g i c a l
Block
C u r r e n t
R e s u l t s 212 40
P a s t
Repor ts 41 25
b) Oct '81 to Feb '82
Term inal Program In Hours Out o f  Hours
Medical C u r re n t 511 11
Prev ious 58 5
S u r g i c a l C u r re n t 265 25
Prev ious 74 8
Renal C u r r e n t 132 15
P rev ious 15 2
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The d a t a  i n d i c a t e s  a s i g n i f i c a n t  r a t e  o f  u s ag e ,  p a r t i c u l a r l y  
o u t  o f  h o u r s ,  encou rag ing  the  b e l i e f  t h a t  a t  l e a s t  some o f  t h e  e f f e c t s  
of  the  o v e r n i g h t  close -down of the  l a b o r a t o r y  a r e  be ing  min imised .  The 
d i f f e r e n t  p a t t e r n  o f  o u t - o f - h o u r s  a c c e s s e s  a t  t h e  two s i t e s  was 
e x p e c t e d  and  i s  a t t r i b u t a b l e  t o  the  d e c i s i o n  to  p r o v id e  i n t e r i m  l i s t s  
o f  a l l  c u r r e n t  r e s u l t s  i n  Ward o r d e r  a t  1730 h r s  a t  t h e  S u r g i c a l  
Terminal  and n o t  a t  the  Medica l  block p r i n t e r .
S u b j e c t i v e  comment on t h e  t e r m i n a l s  a t  t h e  t i m e  was a l s o  
f a v o u r a b l e ,  and i t  i s  now the  r e g u l a r  duty  of  the  r e s i d e n t  a s s i s t a n t s  
on a t  l e a s t  one s u r g i c a l  ward g r o u p  t o  i n t e r r o g a t e  t h e  f i l e s  a t  
l u n c h t i m e  t o  o b t a i n  c u r r e n t  r e s u l t s  fo r  h i s  p a t i e n t s .  This  p r a c t i c e  
c o n t r a s t s  w i th  the  d e l i v e r y  o f  f u l l  r e p o r t s  which a r e  u p l i f t e d  from the  
l a b o r a t o r y  a t  1 .45  pm and a re  s t i l l  s u b j e c t  t o  a round one and a h a l f  
hours  t ime d e l a y  b e f o r e  reach ing  the  Ward (F igure  29 ) .
S i n c e  l a t e  1981 ,  c o m p u t e r - r e p o r t i n g  o f  t h e  ' B ' g r o u p  
a n a l y s e s  have i n c r e a s e d  th e  u t i l i t y  o f  t h e s e  r e m o t e  t e r m i n a l s .  The 
m oni to r ing  p r o c e s s  o f  logg ing  a c c e s s e s  has been c o n t in u e d ,  and d a t a  fo r  
October 1981-February  1982 i s  a l s o  shown in  Table  30.
T h e r e  a r e  now t h r e e  a c t i v e  t e r m i n a l s  i n  t h e  s y s t e m .  A l l  
t h r e e  c a r r y  i n t e r i m  p r i n t o u t s  o f  e l e c t r o l y t e s  d u r i n g  t h e  d a y ,  and  a 
f u l l  l i s t i n g  o f  a l l  c o m p u te r - r e p o r te d  r e s u l t s  p r o c e s s e d  up u n t i l  1730 
hr  s on t h e  l a t e  a f t e r n o o n  p r i n t o u t ,  and  t h i s  h a s  s u c c e e d e d  i n  
minimis ing o u t - o f - h o u r s  r e q u e s t s .  The number of  a c c e s s e s  has i n c r e a s e d  
c o n s i d e r a b l y ,  h o w e v e r ,  and a h i s t o g r a m  o f  a c c e s s  t i m e s  ( F i g u r e  34)
Frequency of usage of ward terminals.
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FIGURE 34 Histogram of  2300 access  t imes  of  Enquiry  programs a t  
Ward-based t e r m i n a l s  in Glasgow Royal I n f i rm a ry
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shows t h a t  peak a c t i v i t y  i s  indeed  ta k in g  p l a c e  around  lu n c h t im e ,  and a 
h igh  l e v e l  of  e n q u i ry  i s  s u s t a i n e d  th roughou t  the a f t e r n o o n ,  by w h ich  
t ime the  m a j o r i t y  o f  r e s u l t s  fo r  a l l  specimens r e a c h in g  the  l a b o r a t o r y  
in  the  morning might  be ex p ec ted  to  be a v a i l a b l e .
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CHAPTER 4 -  SUMMARY OF EFFECTS OF AUTOMATION ON TURNROUND TIME 1 9 7 2 - 8 2
Some o f  the  e f f e c t s  o f  a p p l y i n g  a u t o m a t i o n  t o  a n a l y s i s  and 
r e p o r t i n g  s y s t e m s  w i t h i n  t h e  a u t h o r s  l a b o r a t o r y  over  th e  l a s t  decade 
a re  shown in  summary in  F ig u re  35, which r e p r e s e n t s  th e  t o t a l  tu rn round  
t im e  o f  a combined r e q u e s t  from a Medical  Block Ward f o r  E l e c t r o l y t e s ,  
LFTs and bone a n a l y s i s  on a f a s t i n g  s p e c im e n  -  t h e  m o s t  p o p u l a r  t e s t  
g rouping  from Table 12 -  a t  v a r i o u s  t imes  th ro u g h o u t  th e  decade .
1972 E l e c t r o l y t e s  were r e q u e s t e d  s e p a r a t e l y  from 'B '  group  t e s t s .
The main  t im e  d e l a y s  r e l a t e d  t o  t h e  s low  a n a l y s i s  o f  c a l c i u m ,  and 
p h o s p h a te ,  and to  th e  n e c e s s i t y  t o  t r a n s f e r  t h e  r e q u e s t  fo rm b e tw e e n  
t h e  LFT and ca lc ium  ben ch e s ,  hence a combined *B' r e q u e s t  would n o t  be
r e p o r t e d  and i s s u e d  u n t i l  the  even ing (See S e c t io n  3 , 4 . 1 ) ,
1976 E l e c t r o l y t e s  were a n a ly se d  on a f a s t ,  120/h c o n t in u o u s - f l o w
a n a l y s e r  d e s i g n e d ^ a n d  b u i l t  i n  t h e  l a b o r a t o r y  ( S e c t i o n  2 , 4 , 1 . 7 , )  
Calcium a n a l y s i s  was per fo rm ed  by Vickers  0300 (S e c t io n  2 ,4 ,  2. 2 . ) .  The 
c o m p u t e r - b a s e d  e l e c t r o l y t e  r e p o r t i n g  s y s tem  was t ime-consuming,  bu t  
al lowed i n t e r i m  r e p o r t s  t o  be s e n t  to  a t e l e t y p e  i n  t h e  M e d i c a l  B lock  
t w i c e  p e r  d a y ,  so t h a t  r e s u l t s  c o u l d  be made a v a i l a b l e  o n - s i t e  in  
advance of  the manual d e l i v e r y  of  r e p o r t s ,
1978 L i v e r  f u n c t i o n  t e s t s  w ere  a n a l y s e d  by C e n t r i f i c h e m  400
( S e c t i o n  2 . 4 , 3 , 1 )  an d  t h e  c a l c i u m  g r o u p s  by a f o u r  c h a n n e l  Auto 
a n a l y s e r  I I  (See Appendix I I )  , E l e c t r o l y t e s  w ere  a v a i l a b l e  a t  Ward
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E n q u i r y  t e r m i n a l s  w i t h i n  30 m i n u t e s  o f  c o m p l e t i o n  o f  each b a t c h  of 
samples {Section  3 .4 .5 )  and a l l  r e s u l t s  would t y p i c a l l y  be i s s u e d  by 
lunch t im e  , r e a c h in g  the  wards in the l a t e  a f t e r n o o n .
1982 In a d d i t i o n  to  a v a i l a b i l i t y  through e n q u i ry  programs,  i n t e r i m
e l e c t r o l y t e  r e s u l t s  w e r e ,  and  a r e  c u r r e n t l y  p u b l i s h e d  in  Ward o rd e r  
t h r e e  t i m e s  p e r  d a y  a t  e a c h  Ward t e r m i n a l .  ' B ' g r o u p  t e s t s  a r e  
a v a i l a b l e  on e n q u i r y  a s  e a c h  b a t c h  o f  p r o f i l e s  i s  a u t h o r i s e d  by the 
r e p o r t i n g  team, and can be o b t a i n e d  by t h e  Wards i n  p r i n t e d  fo rm  by 
lunch t im e  (Sec t ion  3 . 4 , 7 ) .
The r e q u e s t  p a t t e r n  chosen  fo r  t h i s  s e c t i o n  i s  no t  one which 
i l l u s t r a t e s  remarkab le  r e d u c t i o n s  in  tu rn round ,  b u t  r a t h e r  t h e  s o r t  o f
s u s t a i n e d  r e d u c t i o n s  seen i n  t h e  tu rn round  t ime o f  t h e  h igh  workload  s e c t o r  
o f  t h e  l a b o r a t o r y  (Table 3) as  au tomat ion  i s  employed i n  the  c r i t i c a l ,  
r a t e  l i m i t i n g  a c t i v i t i e s  in  a sequence .
T h i s  i s  n o t  t o  s a y  t h a t  remarkable r e d u c t i o n s  have n o t  been 
a c h i e v e d ,  p r i n c i p a l l y  by im plementa t ion  o f  computer  r e p o r t i n g  p e r m i t ­
t i n g  s m a l l  f u n c t i o n a l  groups o f  r e s u l t s  to  be r e p o r t e d  in d e p e n d e n t ly  of  
o t h e r  r e q u e s t s  on t h e  same fo rm  ( S e c t i o n  3 , 4 . 2 ) ,  and  LFTs w hich  
p r e v i o u s l y  w e re  d e l a y e d  fo r  24-48 h rs  because they  were combined w i th  
f o r  e x a m p l e ,  a c i d  p h o s p h a t a s e  o r  im m u n o g lo b u l in  r e q u e s t s  a r e  now 
t y p i c a l l y  a v a i l a b l e  w i t h i n  the  same working day on e n q u i ry  t e r m i n a l s  in 
Ward A reas .
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However ,  a s  a n a l y t i c a l  and  r e p o r t i n g  t i m e s  a r e  r e d u c e d ,  
a t t e n t i o n  i s  fo c u s s e d  on t h e  f i x e d  o v e r h e a d  o f  1 t o  2 h o u r s  minimum 
b e fo re  th e  l a b o r a t o r y  o b t a i n s  the  specimen from the  l o c a l  h o s p i t a l .  I t  
w i l l  be no ted  from F ig u re  35, t h a t ,  d e s p i t e  more r a p i d  a n a l y s i s  and 
c o m p u te r  r e p o r t i n g ,  th e  specimen d e l i v e r y  t ime has remained v i r t u a l l y  
c o n s t a n t  over t h e  l a s t  t e n  y e a r s .
Thus some l i m i t a t i o n  t o  t h e  p r o g r e s s i v e  r e d u c t i o n  in  t u r n -  
round time seems i n e v i t a b l e ,  w i th  th e  p r e s e n t  sequence  o f  o p e r a t i o n s .
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CHAPTER 5 -  DISCUSSION
A u t o m a t i o n  has  b e e n  and s t i l l  i s ,  an  e s s e n t i a l  f e a t u r e  of  
c l i n i c a l  c h e m is t r y  l a b o r a t o r i e s  in  the  U n i t e d  Kingdom. DHSS f i g u r e s  
have  i n d i c a t e d  t h a t  t h e  c o s t s  o f  a l l  l a b o r a t o r y  s e r v i c e s  acc o u n t  fo r  
a r o u n d  3% o f  t h e  t o t a l  NHS b u d g e t .  I f  s t a f f  num bers  i n  c l i n i c a l  
c h e m i s t r y  had r i s e n  p r o  r a t a  w i t h  t h e  i n c r e a s e  i n  w o r k l o a d ,  t h e  
s p e c i a l t y  w ould  by now be t h e  l a r g e s t  o f  t h e  f o u r  main  l a b o r a t o r y  
d i s c i p l i n e s  in  te rms of  space  req u i re m en ts  and manpower.
Use o f  au tom at ion  h a s  h e l p e d  c o n t a i n  c o s t s ,  and  c u r r e n t l y  
a l l o w s  t h e  l a r g e r  l a b o r a t o r i e s  t o  cope  w i t h  w o r k l o a d s  o f  o v e r  one 
thousand r e q u e s t s ,  and over f i v e - t h o u s a n d  a n a l y s e s ,  each working day of  
t h e  y e a r .  C l i n i c i a n s  a r e  a b l e  t o  r e q u e s t  any o f  up t o  two t o  t h r e e  
hundred d i f f e r e n t  b ioc hem ic a l  a n a l y s e s ,  some of  which ,  by the  n a t u r e  of  
t h e  a n a l y t i c a l  m e th o d s  u s e d  may t a k e  up to  s e v e r a l  weeks to  be com­
p l e t e d .  However, the  m a j o r i t y  of  c l i n i c a l  r e q u e s t s  r e l a t e  t o  a s m a l l  
group of  around  f i f t e e n  to  twenty of  the  a v a i l a b l e  a n a l y s e s ,  and i t  i s  
w i th  th e s e  few methods ,  which to g e th e r  acc oun t  fo r  somewhere between 60 
and 90% o f  t h e  t o t a l  w o r k l o a d  o r  any U n i t e d  Kingdom b i o c h e m i s t r y  
l a b o r a t o r y ,  , and the  means by which they  may be e x p e d i t e d ,  t h a t  t h i s  
t h e s i s  i s  conce rned .
As t h e  w o r k l o a d  r o s e  i t  was g e n e r a l l y  c o n s i d e r e d  t h a t  the  
problem was p r i m a r i l y  an  a n a l y t i c a l  o n e ,  r e l a t i n g  t o  i n s u f f i c i e n t  
a n a l y t i c a l  c a p a c i t y  w i t h i n  t h e  l a b o r a t o r y ,  l a ck  o f  t r a i n e d  s t a f f ,  or
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l a ck  o f  equipment.Automated equipment,  purchased  t o  overcome t h i s  e a r l y  
b o t t l e n e c k  in  the  r e q u e s t - r e s u l t - r e p o r t  c y c l e ,  was i n i t i a l l y  o f  t h e  
s i n g l e  c h a n n e l  c o n t i n u o u s  f low type .  By the  end o f  the  1960s, a l t e r ­
n a t i v e  te chno logy  in  th e  form of d i s c r e t e  a n a l y s e r s  was a v a i l a b l e ,  b u t  
a s  the  o r i g i n a l  au tom at ion  was r e p l a c e d  i t  was a more s u b t l e  d i f f e r e n c e  
in  p h i l o s o p h y  b e t w e e n  l a b o r a t o r i e s  w h ich  l a r g e l y  d e t e r m i n e d  t h e i r  
a p p r o a c h  t o  th e  p r o c e s s i n g  o f  the  bulk workload ,  and two main types  of  
l a b o r a t o r i e s  em erg ed  -  t h e  f i r s t  e q u i p p e d  w i t h  a s i n g l e ,  l a r g e ,  
p a r a l l e l ,  h i g h - c a p a c i t y  i n s t r u m e n t  o f  t h e  SMA 18/60 or  V ickers  M300 
ty p e ,  the  second wi th  a number o f  sm a l l e r  i n s t r u m e n t s ,  each  c a p a b l e  o f  
a n a l y s i n g  a g r o u p  o f  t e s t s  w h ich  t o g e t h e r  comprised a smal l  p r o f i l e  
r e l a t e d  to  the  f u n c t i o n  o f  a p a r t i c u l a r  o r g a n  o r  s t r u c t u r e  - h e a r t ,  
k idne ys ,  bone e t c .
The f i r s t  a p p r o a c h  h a s ,  i n  i t s  f a v o u r ,  o r g a n i s a t i o n a l  
s i m p l i c i t y ,  in  t h a t  up t o  90% o f  t h e  b l o o d  s a m p l e s  a r r i v i n g  i n  t h e  
l a b o r a t o r y  a r e  p a s s e d  t o  a s i n g l e  a n a l y s e r ,  and so t h e r e  a r e  minimal 
c o m p l i c a t i o n s  o f  r e q u e s t  form t r a n s f e r  w i t h i n  t h e  l a b o r a t o r y .  
C o n v e r s e l y ,  t h e s e  i n s t r u m e n t s  have  t e n d e d  t o  be n o n - s e l e c t i v e ,  and 
t h e r e  i s  some ev idence  t h a t  p r e s e n t a t i o n  o f  l a r g e  p r o f i l e s  c a n  swamp 
i m p o r t a n t  r e s u l t s .  Large a n a l y s e r s  can be d i f f i c u l t  t o  back up in  the  
ev en t  o f  unplanned down-t ime;  they  do n o t  always use optimum methods of  
a n a l y s i s ,  and ,  even a t  sampl ing  r a t e s  o f  100/hour and o v e r ,  t h e r e  i s  a 
f i n i t e  l i m i t  to  the number of  specimens which can be accomodated w i t h i n  
the  working day.
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The second approach  a l low s  a n a l y s i s  t o  p roceed  in  p a r a l l e l  a t  
d i f f e r e n t  work s t a t i o n s ;  i t  a l low s  fo r  more f l e x i b i l i t y  i n  s e l e c t i n g  
a p p r o p r i a t e  m e t h o d s ;  i t  r e d u c e s  t h e  d e p e n d e n c y  o f  the  l a b o r a t o r y ’ s 
ca tchment  a r e a  on a s i n g l e  machine,  and i t  p r e s e n t s  th e  c l i n i c i a n  w i t h  
a s m a l l e r  number o f  r e s u l t s ,  which ought  t o  be more d i r e c t l y  r e l e v a n t  
t o  h i s  p a t i e n t ' s  c o n d i t i o n  than  a l a r g e  m u l t i - c h a n n e l  n o n - s e l e c t i v e  
p r o f i l e .  However t h i s  p r o l i f e r a t i o n  o f  s e m i - in d e p e n d e n t  work s t a t i o n s  
te n d s  t o  o bscu re  the  r e l a t i o n s h i p s  between the  v a r i o u s  a c t i v i t i e s  which 
c o m p r i s e  t h e  o v e r a l l  t u r n r o u n d  t ime o f  a group o f  a n a l y s e s .  Th is  in  
t u r n  makes i t  d i f f i c u l t  t o  d e t e r m i n e  w h ic h  a c t i v i t i e s  a r e  r a t e -  
l i m i t i n g ,  o r  w h a t  i m p a c t  on tu rn ro u n d  w i l l  be made by new a n a l y s e r s ,  
which might  be advoca ted  f o r  q u i t e  d i f f e r e n t  r e a s o n s  s u c h  a s  e a s e  o f  
use or  lower runn ing  c o s t s .
In  s u c h  a l a b o r a t o r y ,  a c r i t i c a l  p a t h  n e t w o r k  c a n  be an 
ex t re m e ly  u s e f u l  management t o o l .  I t  p ro v id e s  a u s e f u l  v i s u a l  i m p r e s ­
s i o n  o f  t h e  ways i n  w h ich  a c t i v i t i e s  i n t e r - r e l a t e , and i t  h i g h l i g h t s  
the  c r i t i c a l  p a t h  and f o c u s s e s  a t t e n t i o n  on the  i n d i v i d u a l  a c t i v i t i e s  
w h ich  d i r e c t l y  a f f e c t  the  t o t a l  tu rnround  t ime o f  a r e q u e s t .  F u r t h e r ,  
i t  a l low s  one f i r s t  t o  p r e d i c t ,  then  f i n a l l y  to  measure ,  the  e f f e c t  o f  
c h a n g i n g  an  a c t i v i t y ,  on r e p l a c i n g  one a n a l y s e r  by a n o t h e r ,  f o r  
example ,
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C r i t i c a l  P a t h  A n a l y s i s  i s  e f f e c t i v e  i n  a number o f  s i t u ­
a t i o n s .  I t  has been used t o  examine a c t i v i t i e s  b o t h  i n  a l a b o r a t o r y  
and i n  a c l i n i c ,  and  t o  a s s e s s  t h e  am ount o f  t u r n r o u n d  t i m e  
a t t r i b u t a b l e  to  b o th  a n a l y t i c a l  and c l e r i c a l  a c t i v i t i e s .
I t  show ed ,  a s  e x p e c t e d ,  t h a t  one o f  the  main t ime d e l a y s  a t  
each  work s t a t i o n  was th e  t h r o u g h p u t  r a t e  o f  t h e  a n a l y s e r ,  and  t h i s  
d e p a r tm e n t ,  among o t h e r s ,  was a c t i v e  du r ing  the  mid 197 0s in  e x p l o r i n g  
the  maximum sampl ing  r a t e  to  which c o n t i n u o u s  f lo w  a n a l y s i s  c o u l d  be 
i n c r e a s e d .  C r i t i c a l  P a t h  A n a l y s i s  has  i n d i c a t e d  th e  improvements 
which were made in  a n a l y s i s ,  bu t  confirmed  t h a t  f a s t e r  a n a l y s i s  a l o n e  
was n o t  s u f f i c i e n t  to  speed up th e  r e t u r n  o f  the f i n a l  r e p o r t .  One of  
the  main f i n d i n g s  from the  a p p l i c a t i o n  o f  C r i t i c a l  P a t h  A n a l y s i s  i n  
t h i s  way i s  t h a t ,  where groups  o f  t e s t s  a r e  r e q u e s t e d  on a s i n g l e  form, 
and an a ly se d  in  a v a r i e t y  o f  l o c a t i o n s ,  c l e r i c a l  h a n d l i n g  o f  r e q u e s t s  
can cause  major t ime d e l a y s ,  amounting in  some c a s e s  to  days .
T h u s ,  w h i l e  I  have  d e v o t e d  some t im e  t o  t h e  d i f f e r e n c e s  
b e tw e e n  c o n t i n u o u s  f l o w  a n a l y s i s  and  t h e  v a r i o u s  t y p e s  o f  d i s c r e t e  
a n a l y s e r ;  have c o n s id e r e d  methods o f  d a t a  a c q u i s i t i o n  from b i o c h e m i c a l  
a n a l y s e r s ,  and  have  shown t h a t  t h e r e  a r e  time s a v in g s  t o  be made in  
many o f  the  " a n a l y t i c a l ” a c t i v i t i e s  w i t h i n  a l a b o r a t o r y ,  t h e i r  i m p a c t  
on t u r n r o u n d  t i m e  c o u l d  n o t  be f u l l y  r e a l i s e d  u n t i l  t h e  c l e r i c a l  
a c t i v i t i e s  w i t h i n  the  l a b o r a t o r y  were t r a n s f e r r e d  t o  a c o m p u te r  b a s e d  
r e p o r t i n g  system.
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Automation i n  t h i s  a r e a  has been more d i f f i c u l t  -  in  g e n e r a l ,  
u n t i l  the  adven t  o f  t h e  Dundee computer sys tem,  the  g roup o f  " P h o e n i x "  
p ro g ra m  s u i t e s  a r i s i n g  from the DHSS 3-Lab p r o j e c t ,  and the  Technicon 
LDM system,  l a b o r a t o r i e s  have had l i t t l e  o p t i o n  b u t  t o  d e v e l o p  t h e i r  
own s o f t w a r e ,  and l a b o r a t o r y  computing seemed o f t e n  to  be g iven  lower 
p r i o r i t y  t h a n  r e p l a c i n g  o r  e n h a n c i n g  a n a l y t i c a l  h a r d w a r e  u n t i l  i t  
became c l e a r  t h a t  t h e  b o t t l e n e c k  in  the  r e q u e s t i n g  c y c l e  had s h i f t e d  
from a n a l y s i s  to  r e p o r t i n g .
I  have  u s e d  C r i t i c a l  P a t h  A n a l y s i s  t o  show how e f f e c t i v e  
t r a n s f e r  of  r e p o r t i n g  from a m a n u a l  t o  c o m p u t e r - b a s e  c a n  remove t h e  
c o n s t r a i n t  o f  th e  s i n g l e  r e q u e s t / r e p o r t  form and can c o n v e r t  i n t e g r a t e d  
and l e n g th y  c h a i n s  o f  a c t i v i t i e s  i n t o  a number o f  p a r a l l e l  s e q u e n c e s  
( F i g s  32 and 3 3 ) .  T h i s  h a s  t h e  e f f e c t  o f  s e t t i n g  up i n d e p e n d e n t  
a c t i v i t y  s e q u e n c e s  f o r  e a c h  g r o u p  o f  t h e  i n d i v i d u a l  and  p r o f i l e  
r e q u e s t s  on a s i n g l e  f o rm ,  i m p l y i n g  t h a t  each s u b - s e t  o f  a combined 
r e q u e s t  form i s  t r e a t e d  a s  i f  i t  had been  r e q u e s t e d  a l o n e  on an 
in dependen t  form from the  t ime a t  which the  combined r e q u e s t  i s  e n t e r e d  
i n t o  the  computer .  Thus the  co n ce p t  o f  a n a l y t i c a l  a c t i v i t y  p r o c e e d i n g  
i n  p a r a l l e l  on a number o f  s i t e s  i s  e x t e n d e d  th rough  the  a s s o c i a t e d  
c l e r i c a l  a c t i v i t i e s  t o  t h e  p r o d u c t i o n  o f  a r e p o r t ,  an d  even  t o  t h e  
d e l i v e r y  o f  t h e  r e s u l t  t o  t h e  Ward v i a  a l o c a l  i n t e r a c t i v e  t e r m i n a l .  
Only a t  t h i s  s t a g e  does  the  work expended on im p ro v in g  t h e  a n a l y t i c a l  
c a p a b i l i t i e s  o f  t h e  l a b o r a t o r y  r e a l l y  b e g i n  t o  pay  o f f  in  te rms of  
reduced o v e r a l l  tu rn round  t imes  as  shown in  F igure  35.
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However ,  i n  e s t i m a t i n g  t h e  e f f e c t s  o f  a u t o m a t i o n  i n  t h e  
l a b o r a t o r y ,  C r i t i c a l  Pa th  A n a ly s i s  i s  n o t  the  c o m p l e t e  a n s w e r .  T h e re  
a r e  a s p e c t s  o f  a u t o m a t i o n  s u c h  a s  c o s t s ,  im p ro v e d  p e r fo rm ance ,  and 
e f f e c t s  on s t a f f  w h ich  i t  i s  n o t  d e s i g n e d  t o  a s s e s s ,  a n d ,  e v e n  i n  
d e f i n i n g  r e l a t i o n s h i p s  b e t w e e n  a c t i v i t i e s ,  i t  s u f f e r s  f rom f i v e  
i d e n t i f i a b l e  d i s a d v a n t a g e s .
F i r s t l y ,  l a b o r a t o r i e s ,  u n l i k e  m a jo r  d e v e lo p m en t  p r o j e c t s ,  
have no f i x e d  s t a r t i n g  p o i n t .  P a t i e n t  s p e c i m e n s  a r e  s e n t  t o  t h i s  
l a b o r a t o r y  t h r o u g h o u t  t h e  w o rk in g  day  ( F i g .  5 ) ,  and a r e  p ro c e s s e d  
c o n t i n u a l l y ,  and  t h i s  c r e a t e s  p r o b l e m s  w i t h i n  a s t r i c t  " c a u s e  and 
e f f e c t "  network.
S e c o n d l y ,  and a s s o c i a t e d  w i t h  the  above,  f i x e d - t i m e  e v e n t s  
a r e  n o t  e a s i l y  a s s i m i l a t e d  i n t o  s u c h  a n e t w o r k .  The l a b o r a t o r y  may 
p o s t p o n e  a n a l y s i s  u n t i l  a r e a s o n a b le  ba t c h  s i z e  has been r e a c h e d ,  b u t  
the  r e p o r t  d e l i v e r y  t o  the  Wards w i l l  t a k e  p l a c e  a t  a s p e c i f i c  t im e  
w h e t h e r  a l l  r e p o r t s  a r e  a v a i l a b l e  o r  n o t ,  so the  sequence o f  e v e n t s  
which s t a t e s ,  i n  e f f e c t ,  t h a t  a c t i v i t y  B c an n o t  s t a r t  u n t i l  a c t i v i t y  A 
h a s  b e e n  completed does  n o t  a d j u s t  w e l l  to  e v e n t s  which occur a t  f i x e d  
t imes  o f  day ,  u n r e l a t e d  t o  the  com ple t ion  o f  p r e v i o u s  a c t i v i t i e s .
T h i r d l y ,  a c r i t i c a l  p a t h  n e tw o rk  i s  n o t  de s ig n ed  to  p e r m i t  
lo o p s  i n  the  s t r u c t u r e .  Thus, where a d e c i s i o n  i s  t a k e n  t o  r e p e a t  an  
e s t i m a t i o n  ( F i g .  6) t h e r e  i s  no p r o v i s i o n  w i t h i n  th e  framework o f  
C r i t i c a l  Path A n a ly s i s  t o  have an a c t i v i t y  l o o p  b a c k  t o  an  e a r l i e r ,  
a n a l y t i c a l  segment of  the ne twork.
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F o u r t h l y ,  t h e  me thod  i s  d e s i g n e d  a r o u n d  a c t i v i t i e s  and  
e v e n t s .  Under ly ing  re q u i re m e n t s  common t o  more t h a n  one  b r a n c h  o f  a 
n e t w o r k  a r e  n o t  i m m e d i a t e l y  v i s i b l e .  For e x a m p l e ,  t h e  p a r a l l e l  
r e p o r t i n g  s t r e a m s  of  F igure  33 a l l  depend u l t i m a t e l y  on a v a i l a b i l i t y  o f  
the  r e p o r t i n g  computer ,  b u t  C r i t i c a l  Pa th  A n a ly s i s  im p l i e s  independence 
of  each s t ream .
F i n a l l y ,  C r i t i c a l  P a t h  A n a l y s i s  s e e k s  t o  i d e n t i f y  t h e  
r e l a t i o n s h i p  o f  one e v e n t  t o  a n o t h e r .  C l e a r l y ,  f o r  t h e r e  t o  be a 
C r i t i c a l  P a t h ,  a t  some s t a g e  d i f f e r e n t  a c t i v i t i e s  must  converge on the  
same ev en t  node.  The c o r o l l a r y  t o  t h i s  i s  t h a t ,  where the  f i n a l  common 
p a t h  h a s  been  m o d i f i e d  (a s  i n  t h e  a t t e m p t  t o  remove r a t e - l i m i t i n g  
e f f e c t s  o f  t r a n s f e r r i n g  forms from bench t o  bench) t o  p r o v i d e  a me thod  
whereby a c t i v i t y  sequences may take  p l a c e  in  p a r a l l e l  w i th o u t  a f f e c t i n g  
one a n o t h e r ,  th e  c r i t i c a l  p a t h  c o n c e p t  may a p p l y  e q u a l l y  t o  a l l  t h e  
e l e m e n t s  o f  s e v e r a l ,  p a r a l l e l ,  n o n - b r a n c h i n g  s e q u e n c e s .  While such 
in fo rm a t io n  i s  n o t  w i th o u t  v a l u e ,  th e  need f o r  C r i t i c a l  P a t h  A n a l y s i s  
a t  t h a t  p o i n t  becomes q u e s t i o n a b l e .
The e f f e c t s  o f  t h e  i n t r o d u c t i o n  o f  au tom at ion  on q u a l i t y  of  
r e s u l t  have been no l e s s  im p o r ta n t  tha n  t h e  i m p r o v e m e n t s  i n  s a m p l i n g  
r a t e  o v e r  t h e  y e a r s .  Some c o m p a r a t i v e l y  l i m i t e d - s p e e d  a n a l y s e r s  a r e  
c a p a b l e  o f  i m p r e s s i v e  p r e c i s i o n ,  b u t ,  t o  me, t h e  m o s t  s i g n i f i c a n t  
a s p e c t  i s  t h a t  c u r r e n t  h i g h - t h r o u g h p u t  a n a l y s e r s  a r e  a b l e  to  run  a t  
sampling r a t e s  o f  over 100 samples  per  hour and s t i l l  r e t u r n  p r e c i s i o n  
f i g u r e s  a s  good a s  o r  b e t t e r  than those  ach ieved  t e n  t o  f i f t e e n  y e a r s
136.
a g o ,  d e s p i t e  more than  doub l ing  the  sampling r a t e .  The ACB a n a l y t i c a l  
m e th o d s  w o r k i n g  p a r t y  (1979) showed t h a t  a u t o m a t e d  m u l t i c h a n n e l  
e q u i p m e n t  p e r f o r m e d  much more r e l i a b l y  th an  manual methods,  bu t  the  
f a c t  t h a t  p r e c i s i o n  o f  automated a n a l y s e r s  has  n o t  im p ro v ed  m a r k e d l y  
o v e r  t h e  l a s t  d e c a d e  a rgues  t h a t  b ioc hem is t s  have ,  p e rh a p s ,  been more 
aware o f  t h e  need f o r  f a s t e r ,  r a t h e r  than more p r e c i s e ,  a n a l y s e s .
P e r h a p s  now t h a t  t h e  r a t e  o f  i n c r e a s e  in  th e  workload does 
seem t o  b e  f a l l i n g ,  im p ro v e d  p r e c i s i o n ,  p a r t i c u l a r l y  f o r  r a d i o ­
im m u n o as s ay s  and  a s s a y s  o f  enzyme a c t i v i t y ,  w i l l  be a g o a l  o f  the  
p r o f e s s i o n  d u r ing  t h e  1980s.
Mor h a s  a c c u r a c y  been a prime goa l  of  c l i n i c a l  chem is t s  over 
the p a s t  t e n  y e a r s .  Northam (1981) p o i n t s  o u t  t h a t  a s u r p r i s i n g  number 
o f  UK l a b o r a t o r i e s  e n t e r e d  t h e  1980s w i t h  methods known to  be i n a c ­
c u r a t e ,  T h i s  a l m o s t  c e r t a i n l y  r e f l e c t s  a d i s a d v a n ta g e  o f  au tom at ion  in  
t h a t  methods which a r e  s imple  to  au tomate may w e l l  be chosen because  of  
the  a n a l y t i c a l  c a p a c i t y  which th ey  p r o v i d e ,  r a t h e r  t h a n  b e c a u s e  t h e y  
have been shown to  be the  most  p r e c i s e  or  most a c c u r a t e  methods.
M e a s u r e m e n t  o f  t h e  c o s t s  a s s o c i a t e d  w i t h  c l i n i c a l  
l a b o r a t o r i e s  and  a u t o m a t e d  equ ipment have been made e l sew here  (DHSS, 
K r i e g  e t  a l ,  1978;  R o l l a s o n ,  1978;  W o r th ,  1980;  S t i l l w e l l ,  1981; 
B r o u g h t o n  and Hogan, 1981).  I  have made no a t t e m p t  to  c o s t  a c t i v i t i e s  
or  equ ipment w i t h i n  t h i s  t h e s i s ,  b u t  the  d a t a  in F i g u r e  2 o f  t h e  r i s e  
i n  w o r k l o a d  c o m p a r e d  w i t h  t h e  r i s e  i n  t e c h n i c i a n  num bers  shows,  I 
b e l i e v e ,  t h a t  a u to m a t io n  i s  c o s t  e f f e c t i v e .
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T h e re  i s  one  f u r t h e r  e f f e c t  o f  a u t o m a t i o n  w h ich  m u s t  be 
d i s c u s s e d  -  i t s  d i r e c t  e f f e c t  on t h e  s t a f f  o f  c l i n i c a l  c h e m i s t r y  
l a b o r a t o r i e s .  R is ing  workload and automated a n a l y s e r s  have meant t h a t  
l a b o r a t o r y  s t a f f  run the  tw in  r i s k s  o f  l o s i n g  t o u c h  w i t h  i n d i v i d u a l  
p a t i e n t s ,  and  n o t  f u l l y  com prehending  the  p r o c e s s e s  w i t h i n  automated 
e q u i p m e n t .  M a n u f a c t u r e r s  have a v e s t e d  i n t e r e s t  i n  s u p p r e s s i n g  
i n f o r m a t i o n  a b o u t  t h e i r  p r o d u c t s  which  may be o f  advan tage  to  r i v a l  
c o m p a n ie s  ( d u r i n g  t h e  r e a c t i o n  r a t e  a l g o r i t h m  w o r k ,  a t  l e a s t  one 
company c a t e g o r i c a l l y  r e f u s e d  to  d iv u lg e  d e t a i l s  o f  the  m a them a t ica l  
model w i th in  t h e i r  s o f tw a re )  b u t  t h i s  can  o f t e n  l e a v e  t h e  i n s t r u m e n t  
o p e r a t o r s  f e e l i n g  t h a t  th e y  a re  n o t  in  c o n t r o l  o f  the  equipment which 
i s  in  t h e i r  c h a r g e .  I n  my v i e w ,  t h i s  i s  an  i n t o l e r a b l e  s i t u a t i o n  
w h i c h ,  i f  n o t  r e v e r s e d ,  w i l l  reduce  s k i l l e d  a n a l y s t s  t o  the  s t a t u s  of  
mere mach ine-m inders ,  r e s p o n s i b l e ,  th rough  the  Head o f  D e p a r t m e n t  f o r  
t h e  p r o v i s i o n  o f  an a n a l y t i c a l  s e r v i c e  to  t h e i r  c l i n i c a l  c o l l e a g u e s ,  
b u t  whol ly  unab le to  i n f l u e n c e  the  m a n u fa c tu re r s  t o  c o r r e c t  o b s e r v a b l e  
e r r o r s  w i t h i n  t h e i r  e q u i p m e n t .  L a b o r a t o r y  s t a f f ,  a t  t h e  t i m e  o f  
p u r c h a s e  o f  an  i n s t r u m e n t ,  have  t h e  o p p o r t u n i t y  t o  r e q u i r e  a f u l l  
d i s c l o s u r e  f rom a m a n u f a c t u r e r  o f  t h e  s o f t w a r e  r o u t i n e s  w i th i n  the  
p r o c e s s  c o n t r o l  com pute rs .  This  o p t i o n  mus t  be e x e r c i s e d ,  and  u s e r s  
k e p t  i n f o r m e d  t h r o u g h o u t  t h e  l i f e t i m e  o f  t h e  e q u i p m e n t .  In  t h i s  
r e s p e c t ,  b io c h e m is t s  who take  a deeper i n t e r e s t  i n  t h e  f u n c t i o n i n g  o f  
l a b o r a t o r y  e q u i p m e n t  p e r f o r m  a s e r v i c e  t o  the  p r o f e s s i o n ,  and u l t i ­
m a te ly  to  the  p r a c t i c e  o f  m ed ic ine .
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The f u t u r e  o f  a u t o m a t i o n  in  c l i n i c a l  c h e m is t r y  l a b o r a t o r i e s  
i s  l e s s  easy  to  d e f i n e .  I f  l a b o r a t o r i e s  r e t a i n  t h e i r  p r e s e n t  f o rm ,  
t h e n  C r i t i c a l  P a t h  A n a l y s i s ,  d e s p i t e  i t s  d e f i c i e n c i e s  p r o v id e s  one 
method o f  keeping c o n t r o l  over an ex t rem ely  complex s i t u a t i o n .  One way 
o f  i m p r o v i n g  i t s  e f f e c t i v e n e s s  m i g h t  be t o  make i t  run  as  a s e t  of  
programs on a r e a l - t i m e  computer .
I  have  shown i n  t h i s  t h e s i s  t h a t  i t  i s  p o s s i b l e  to  c r e a t e  a 
network a n a l y s i s  model o f  some o f  the  a c t i v i t i e s  w i t h i n  a l a b o r a t o r y .  
I f  s u c h  a mode l  c o u l d  be i n s t a l l e d  on a l a b o r a t o r y  compute r ,  i n p u t  
programs l i k e  d a t a  p r e p a r a t i o n  and r e s u l t  e n t r y ,  and  o u t p u t  p r o g r a m s  
f o r  r e p o r t  g e n e r a t i o n  c o u l d  be u sed  t o  u pda te  the  model so t h a t  th e  
p r o c e s s o r  co u ld  g iv e  advance warning o f  e x c e s s i v e  t i m e  d e l a y s  i n  t h e  
v a r i o u s  a n a l y t i c a l  and r e p o r t i n g  a r e a s  which would cause  the  c u r r e n t  
workload t o  e x t e n d  bey o n d  t h e  t im e  l i m i t s  a l l o w e d  t o  m ee t  e x i s t i n g  
sc h e d u le s  f o r  u p l i f t i n g  of  r e p o r t s ,  e n g i n e e r s '  p r e v e n t a t i v e  main tenance  
v i s i t s  and the  l i k e .
B u t  t h e r e  i s  a f u r t h e r  a s p e c t  to  th e  work p r e s e n t e d  i n  t h i s  
t h e s i s  which has  on ly  had the  b r i e f e s t  o f  mentions  up u n t i l  t h i s  p o i n t ,  
t h a t  o f  on s i t e  a n a l y s i s .
In  t h e  I n t r o d u c t i o n  I o u t l i n e d  th e  g r a d u a l  r e t r e a t  by the  
a n a l y s t  away from th e  p a t i e n t  and i n t o  f i x e d - s i t e  l a b o r a t o r i e s  and 
C h a p t e r  4 c o n c l u d e d  on t h e  p e s s i m i s t i c  n o t e  t h a t  t h e r e  r e m a in e d  a
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p r o b l e m  w i t h  s p e c im e n  d e l i v e r y ,  and t h a t ,  as  e l a p s e d  t im in g s  fo r  the  
o t h e r  a c t i v i t i e s  were reduced ,  t h i s  r a t e - l i m i t i n g  f a c t o r  would a c c o u n t  
fo r  an i n c r e a s i n g l y  l a r g e  p e r c e n ta g e  o f  t o t a l  tu rn ro u n d  t ime .
Converse ly ,  t h e r e  i s  an example in  Chapter  2 o f  th e  u s e  o f  a 
d i s c r e t e  a n a l y s e r  i n  a d i a b e t i c  c l i n i c ,  where the  c l o s e  p r o x im i ty  of  
p a t i e n t  and a n a l y s t  markedly  reduces  the  tu rn round  t im e .  Th is  argument 
e x t e n d s  t o  3 m i n u t e  t u r n r o u n d  o f  b l o o d  gas  r e s u l t s ,  i n ,  o r  near  t o ,  
o p e r a t i n g  t h e a t r e s ,  tw e lve  minute  tu rn round  of  e l e c t r o l y t e  p r o f i l e s  i n  
c a s u a l t y  u n i t s ,  and c l i n i c s  h e l d  i n  l a b o r a t o r i e s  t o  e n s u r e  f a s t  
a n a l y t i c a l  r e s p o n s e .
The c o n c e p t  o f  p e r f o r m i n g  a n a l y s e s  c l o s e r  to  the  p a t i e n t ,  
and o f  r e v e r t i n g  to  the  s i t u a t i o n  of  F igu re  1, a l b e i t  w i t h  t h e  a i d  o f  
r a t h e r  more modern t e c h n o lo g y ,  has been d i s c u s s e d  in  a number o f  pape r s  
in  r e c e n t  y ea r s  (Astrup 1979; M i t c h e l l ,  1979a,b;  Weiner ,  1980; W a tson ,  
1980; Anderson e t  a l ,  1981).
The d r a w b a c k s  a r e  many and i n c l u d e  l a b o u r  c o s t s ,  l i m i t e d  
r e p e r t o i r e  q u a l i t y  c o n t r o l  problems w i th  Ward based  i n s t r u m e n t s ,  l o s s  
o f  d a t a  a f f e c t i n g  t h e  l a b o r a t o r y ' s  i n t e r p r e t i v e  f u n c t i o n ,  a p o t e n t i a l  
l o s s  o f  impetus fo r  l a b o r a t o r y  r e s e a r c h  and development and H e a l t h  and 
S a f e ty  c o n s i d e r a t i o n s .  D e s p i t e  t h i s ,  a n a l y s e s  by the  p a t i e n t s  beds ide  
minimise or  remove so  many p r o b l e m s  o f  p a t i e n t  i d e n t i f i c a t i o n ;  o f  
s p e c i m e n s  c o l l e c t e d  i n  i n a p p r o p r i a t e  c o n t a i n e r s ;  o f  u n c e r t a i n t i e s  in  
i n t e r p r e t a t i o n  ( f a s t i n g  sam ples ,  recumbency,  use o f  t o u r n i q u e t s  e t c ) ;  
o f  t i m e  d e l a y s  in  r e q u e s t i n g  f r e s h  spe c im e n s  and o f  a v a i l a b i l i t y  o f
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c l i n i c a l  s t a f f  t o  a c t  p r o m p t l y  on a b n o rm a l  r e s u l t s ,  t h a t  t h e r e  a r e  
c o n s i d e r a b l e  b e n e f i t s  t o  be o b t a i n e d  f rom  b r i n g i n g  a n a l y t i c a l  
a c t i v i t i e s  f u l l  c i r c l e ,  back o u t  o f  the  c e n t r a l  l a b o r a t o r i e s  t o  which 
c i r c u m s ta n c e s  have so f a r  c o n f in e d  them th roughou t  th e  1900s.
G iven  t h a t  t h e  t e c h n o l o g y  now e x i s t s  to  p e rm i t  many o f  the  
common a n a l y s e s  o f  T a b l e  3 t o  be p e r f o r m e d  i n  a Ward s i d e - r o o m ,  I 
f o r e s e e  c o n s i d e r a b l e  b e n e f i t s  t o  p a t i e n t  c a r e  from r e o r g a n i s a t i o n  of  
l a b o r a t o r y  s e r v i c e s  t o  r e d u c e  t o  an  a b s o l u t e  minimum t h e  m a jo r  
r e m a i n i n g  t i m e  d e l a y  o f  f i g u r e  35,  and  e x p e c t  t h a t ,  a s  more 
l a b o r a t o r i e s  become c o n s c i o u s  o f  t h e  r a t e - l i m i t i n g  a r e a s  i n  t h e i r  
tu rn round  o f  r e s u l t s ,  the  r e v e r s i o n  to  "beds ide  b io c h e m is t ry "  w i l l  be a 
major a s p e c t  o f  b io c h e m is t ry  s e r v i c e s  du r ing  the  1980s.
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APPENDIX I I  
DEVELOPMENT OF DATA ACQUISITION PROGRAMS 
FOR 7-CHANNEL AND 4-CHANNEL CONTINUOUS PLOW ANALYSERS
1) Hardware y language  and o p e r a t i n g  system
The p r o c e s s o r  in  each ca se  was a PDP 11/10 ( D i g i t a l  Equipment 
Co. L td .  y Maynard Mass) and t h e  h a r d w a r e  s p e c i f i c a t i o n  i s  l i s t e d  i n  
T a b l e  3 1 .  S i n c e  t h i s  wa's an e x p e r i m e n t a l  p r o j e c t  f o r  an  i n - h o u s e  
development th e  l a b o r a t o r y  d e c i d e d  t o  u s e  a h i g h - l e v e l  l a n g u a g e ,  i n  
t h i s  i n s t a n c e  BASIC, so t h a t  th e  i n e v i t a b l e  t u rn o v e r  in  s t a f f  would no t  
compromise t h e  d e p a r t m e n t ' s  a b i l i t y  t o  m o d i fy  t h e  p r o g r a m  on a c o n ­
t i n u i n g  b a s i s ,  and  i n  r e s p o n s e  t o  changes in  a n a l y t i c a l  methods.  I t  
was a l s o  f e l t  t h a t  th e  p r o c e s s o r s  m i g h t  w e l l  o u t l a s t  t h e  a n a l y t i c a l  
h a r d w a r e  and t h a t  a h i g h - l e v e l  language  would be an advan tage  i f  th e  
a p p l i c a t i o n  changed.  D i g i t a l ' s  BASLPS (BASIC Lab P e r i p h e r a l  Sys tem) 
s o f t w a r e  was p u r c h a s e d ,  s i n c e  i t  embodied c a l l s  in  BASIC t o  l o w - l e v e l  
r o u t i n e s  i n v o l v e d  i n  r e a l - t i m e  m u l t i p l e x e d  s a m p l i n g ,  s a m p l e r  t r i g ­
g e r i n g ,  and c l o c k  o p e r a t i o n .  The c o n n e c t i o n s  t o  t h e  sev en -ch an n e l  
a n a l y s e r  a r e  shown i n  F i g u r e  2 1 ,  and an i d e n t i c a l  c o m p u te r  c o n f i ­
g u r a t i o n  was used f o r  t h e  f o u r - c h a n n e l  v e r s i o n ,
2 System s p e c i f i c a t i o n
The s p e c i f i c a t i o n  f o r  t h e  seven -ch an n e l  e l e c t r o l y t e  a n a l y s e r  invo lved  
t r i g g e r i n g  t h e  s a m p l e r  e v e r y  30 s e c o n d s ;  d a t a  c a p t u r e  f rom s e v e n  
a n a l y t i c a l  c h a n n e l s  (2 f lame em iss ion  photom et ry  and 5 c o n t in u o u s - f l o w  
c o l o r i m e t r y )  i d e n t i f i c a t i o n  o f  peak  maxima f o r  t h e  c o l o r i m e t r i c  
c h a n n e l s ,  and c a l c u l a t i o n  o f  r e s u l t s  w ith  p r i n t o u t  a t  th e  bench ,  both  
on h a rd  copy and in  m a c h in e - re a d a b le  form fo r  f u r t h e r  p r o c e s s i n g  by the
TABLE 31
PDP 11/10 DATA ACQUISITION PROCESSOR 
HARDWARE CONFIGURATION
1) DEC PDP 11/10 P ro c e s s o r  w i th  15K co re  memory
2) AR-11 Analogue r e a l - t i m e  module w i th :
15 channe l  m u l t i p l e x e r
A/D c o n v e r t e r  
Programmable Clock 
Scope D isp lay  c o n t r o l
3) DL-llE 20 raA S in g le  Asynchronous s e r i a l  l i n e  i n t e r f a c e
4) KE-llA ex tended  a r i t h m e t i c  u n i t
5) TA-11 Dual Magnetic t a p e  c a s s e t t e  u n i t
6) TE 308 O l i v e t t i  10 cps  t e l e t y p e
SOFTWARE
CAPS-11 C a s s e t t e - b a s e d  o p e r a t i n g  system
BASLPS Bas ic  Language w i th  s u p p o r t  f o r  l a b o r a t o r y  p e r i p h e r a l  system
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r e p o r t i n g  c o m p u t e r .  Each  c h a n n e l  was to  be t r e a t e d  in d e p e n d e n t l y  so 
t h a t  no phas ing  o f  t h e  f l u i d  system would be n e c e s s a r y .  The s p e c i f i ­
c a t i o n  f o r  t h e  f o u r - c h a n n e l  ca lc ium  a n a l y s e r ,  though b ro a d ly  s i m i l a r ,  
covered  a s m a l l e r  number o f  c h a n n e l s ,  a l l  us ing e n d - p o i n t  r e a c t i o n s  and 
c o n t i n u o u s  f l o w  c o l o r i m e t r y  a t  6 0 /h ,  b u t  w i th  t h e  a d d i t i o n a l  com pl i ­
c a t i o n  t h a t  t h e  s y s t e m  s h o u l d  d i s t i n g u i s h  b e t w e e n  t e s t  t r a y s  and 
" l i n e a r i t y "  t r a y s  d e s i g n e d  t o  t e s t ,  on a r e g u l a r  b a s i s ,  t h e  l i n e a r  
range  o f  t h e  four  methods 'and th e  ass ignment o f  t h e  t e r t i a r y  s t a n d a r d  
v a l u e s  when compared with  m a t e r i a l  o f  known co m p o s i t io n .  F u r t h e r ,  the  
a n a l y s e r  had  t o  be c a p a b l e  o f  r u n n i n g  e i t h e r  i n  a f o u r - c h a n n e l  or  
t w o - c h a n n e l  mode, w i th  d a t a  a c q u i s i t i o n  from t h e  c a l c iu m  and phospha te  
c h a n n e l s  d i s a b l e d  so t h a t  t h o s e  two c h a n n e l s  c o u l d  be g i v e n  o v e r  t o  
r u n n i n g  a n a l y s e s  o f  u r i n e  and o t h e r  f l u i d s  in d e p e n d e n t l y ,  and o u t s i d e  
computer c o n t r o l .
To m a i n t a i n  a t h r o u g h p u t  o f  1 2 0 / h ,  on  t h e  e l e c t r o l y t e  a n a l y s e r ,  i t  
became e v i d e n t  t h a t  a method would have  t o  be f o u n d  o f  i n f o r m i n g  t h e  
p r o g r a m  o f  t h e  p r e s e n c e  o f  a second ba tch  fo r  a n a l y s i s  th u s  i n i t i a t i n g  
sampling  o f  Batch  2 c o n c u r r e n t l y  w i t h  d a t a  a c q u i s i t i o n  and  r e s u l t  
r e p o r t i n g  f rom  t h e  f i r s t  b a t c h .  S i n c e  t h e  c o n s o l e  t e l e t y p e  was 
d e s i g n e d  p r i m a r i l y  f o r  o u t p u t  o f  r e s u l t s ,  a l o w - l e v e l  i n t e r r u p t ,  
a n a l o g o u s  t o  t h e  end o f  t r a y  s i g n a l ,  was i n c l u d e d  i n  t h e  s y s t e m s  
a n a l y s i s  fo r  bo th  d a t a  a c q u i s i t i o n  s y s t e m s .  The s a m p l e r  ' s t a r t '  key 
was m o d i f i e d  s o  t h a t  d e p r e s s i o n  o f  t h e  key  w h i l e  t h e  s a m p l e r  was 
o n - l i n e  t o  t h e  c o m p u te r  would  g e n e r a t e  a v o l t a g e  i n d i c a t i n g  t h e  
p r e s e n c e  o f  a f u r t h e r  b a t c h .
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An a d d i t i o n a l  a n a l o g u e  s i g n a l ,  t h e  L i th ium  v o l t a g e  used to  
c o r r e c t  sodium and p o ta ss ium  r e s u l t s  f o r  f l u c t u a t i o n s  i n  f l a m e  i n t e n ­
s i t y ,  was th o u g h t  n e c e s s a r y  o r i g i n a l l y ,  b u t  was d i s c a r d e d  in  favour  o f  
per fo rming  d i g i t a l  t o  a n a lo g u e  r e - c o n v e r s i o n  o f  t h e  l i t h i u m - r a t i o e d  
sod ium and p o t a s s i u m  v o l t a g e s .  C om m erc ia l  c i r c u i t r y  was purchased  
from I n s t r u m e n t a t i o n  L a b o r a t o r i e s ,  the  m a n u fa c tu re r s  o f ' t h e  f lame u n i t .  
On t h e  c a l c i u m  a n a l y s e r ,  a s imple s w i tch ing  d e v i c e  was c o n s t r u c t e d  to  
sw i tch  o u t  th e  s i g n a l s  from t h e  c a l c i u m  and p h o s p h a t e  c h a n n e l s  and 
l e a v e  t h e  p r o t e i n  and  a l b u m in  s i g n a l s  on l i n e ,  b u t  o t h e r w i s e  t h e  
e l e c t r i c a l  c o n n e c t io n s  were s i m i l a r  t o  th o s e  shown i n  F ig u re  21,
F l y n n  (1969)  a d v i s e d  t h a t  " t h e  v i s u a l  v e t t i n g  o f  peaks i s  
w o r th  a l o t  o f  c o m p u t in g  t i m e  and p rogram m ing  e f f o r t "  and i t  was 
d e c i d e d  t h a t  t h i s  p h i l o s o p h y  should  o b t a i n  in  t h e  Glasgow system,  and 
t h a t  t h e  i n s t r u m e n t  o p e r a t o r s  would  v e t  t h e  p e a k  s h a p e  by v i s u a l  
i n s p e c t i o n  o f  t h e  ana logue  o u tp u t  d i s p la y e d  on c h a r t  r e c o r d e r s  f o r  a l l  
c hanne ls  (o th e r  than  t h e  f lame em iss ion  p a i r  where t h e  d a t a  was t a k e n  
f rom t h e  ' s t e a d y - s t a t e *  p l a t e a u  (see b e lo w ) ) ,  and t h e  prime f u n c t i o n  
o f  t h e  p r o c e s s o r  s h o u l d  be i d e n t i f i c a t i o n  and  s t o r a g e  o f  t h e  peak  
maxima,
3 Systems A n a ly s i s
The BASLPS s y s t e m  p e r m i t s  fo reg ro u n d /b a c k g ro u n d  o p e r a t i o n s  
w i t h i n  a PDP/11 s e r i e s  p r o c e s s o r  by a l l o w i n g  t h e  u s e r  t o  s e t  up a 
r e a l - t i m e  d a t a  l o g g i n g  p r o c e d u r e .  T h i s  i s  t r i g g e r e d  by i n t e r r u p t s  
from the  r e a l - t i m e  c l o c k  w h ich  t h e n  s t o r e s  d a t a  i n  a d e s i g n a t e d  
b u f f e r  u n t i l  h a l t e d .  The s y s t e m  was d e s i g n e d  t o  o p e r a t e  w i t h  two 
b u f f e r s ,  each h o ld in g  n i n e t y  r e a d in g s  from each o f  t h e  d a t a  c h a n n e l s  
on t h e  m u l t i p l e x e r ,  and c o r re spond ing  t o  one com ple te  sampling c y c l e .
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W h i le  a b u f f e r  was b e i n g  f i l l e d ,  the  c o n t e n t s  o f  t h e  p r e v io u s  b u f f e r  
would be a n a l y s e d  and a p p r o p r i a t e  a c t i o n  t a k e n  ( p r i n t  r e s u l t s , s t o p  
sampler  t r i g g e r i n g ,  s t a r t  new t r a y  e t c ) .
The s o d iu m  and p o t a s s i u m  s i g n a l s  w ere  t r e a t e d  s e p a r a t e l y .  
S in ce  t h e  f lame u n i t  r e a c h e d  t h e  ' s t e a d y  s t a t e  ' p l a t e a u  a t  a b o u t  18 
s e c o n d s  a f t e r  s a m p l i n g ,  t h e  v o l t a g e  a t  22 seconds  was s t o r e d  d i r e c t l y  
fo r  each sample,  t o g e t h e r  w i th  an i n i t i a l  b a s e l i n e  re a d in g  f o r  e a c h  o f  
the  two c h a n n e l s .
A l l  t i m i n g s  f o r  c o l o r i m e t r i c  c h a n n e l s  w ere  b a s e d  on t h e  
i n i t i a l  s i g n a l  w h ich  t r i g g e r e d  s a m p l i n g  o f  t h e  f i r s t  c u p  f rom  eac h  
b a t c h ,  w i t h  a b a s e l i n e  re a d in g  ta ken  a f t e r  a p r e - d e t e r m in e d  d e l a y  t ime 
o f  1 min 47 s e c  on th e  e l e c t r o l y t e  a n a l y s e r  and 3 min 30 s e c  on t h e  
slower  ca lc ium  fo u r  c h a n n e l .
T h e r e a f t e r  each channe l  was moni to red  f o r  a s i g n a l  exceeding  
th e  b a s e l i n e  by a s p e c i f i e d  amount and t h i s  r e c o g n i t i o n  o f  t h e  p r i m i n g  
peak  f o r  e a c h  c h a n n e l  i n c r e m e n t e d  a c o u n t e r  w h i c h ,  when i t  r eached  
maximum v a l u e ,  caused  th e  program to  d i v e r t  to  t h e  p r i n t i n g  s u b r o u t i n e  
on e a c h  s u b s e q u e n t  i t e r a t i o n  t h r o u g h  t h e  d a t a  i n t e r p r e t a t i o n  s t e p s .  
Where t h e  c a l c iu m  and phospha te  s i g n a l s  were s w i t c h e d  o u t ,  a d e c i s i o n  
b a s e d  on e l a p s e d  t i m e  s i n c e  t r i g g e r i n g  t h e  f i r s t  s a m p l i n g  c y c l e  
inc remented  th e  c o u n t e r , a n d  t h e  c o m p u te r  r e p o r t e d  z e r o  v a l u e s  f o r  
t h o s e  two c h a n n e l s .
A f t e r  r e c o g n i t i o n  o f  t h e  f i r s t  s t a n d a r d  f o r  any c o l o r i m e t r i c  
c h a n n e l ,  t h e  n e x t  b u f f e r  f u l l  o f  d a t a  had  g a t e s  a p p l i e d  w i t h i n  w hich  
t h e  maximum v o l t a g e  was s o u g h t  and s t o r e d  i n  t h e  m a s t e r  a r r a y  o f  
f o r t y - f o u r  c u p s  by s e v e n , ( o r  f o u r )  c h a n n e l s  and t h e  r e s u l t s  were
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c a l c u l a t e d  f rom t h e  observed  v o l t a g e s  and known c o n c e n t r a t i o n s  o f  
t h e  s t a n d a r d  a t  cup 2 and p r i n t e d  as  soon as i t  was r e c o g n i s e d  t h a t
a l l  r e s u l t s  fo r  any sample were a v a i l a b l e .
The ' end o f  t r a y '  s i g n a l  was a l s o  m o n i t o r e d  and  s a m p l e r  
t r i g g e r i n g  s u s p e n d e d  e i t h e r  i f  t h e  v o l t a g e  on t h i s  channe l  exceeded 
2 .5  v o l t s  o r  i f  t h e  maximum batch  s i z e  o f  f o r t y  cups  had been ach iev ed .  
D a ta  a c q u i s i t i o n  on  a l l  ch a n n e l s  con t inued  fo r  a f u r t h e r  t h r e e  c y c l e s  
beyond t h e  l a s t  sample peak t o  reco rd  a r e p r e s e n t a t i v e  b a s e l i n e  v o l t a g e  
fo r  d r i f t  c o r r e c t i o n  (see  s e c t i o n  3 . 2 ) .
W hi le  d a t a  c a p t u r e  c o n t i n u e d ,  the  ' s t a r t  t r a y '  v o l t a g e  was
moni to red  and f u r t h e r  t r a y s ,  i f  p r e s e n t ,  were sampled a f t e r  a com puted
t i m e  d e l a y  s u f f i c i e n t  f o r  t h e  s i g n a l s  f o r  a l l  c h a n n e l s  t o  r e a c h  
b a s e l i n e  so t h a t  t h e  p r e v io u s  b a s e l i n e  r e a d i n g  c o u l d  be u p d a t e d  f o r  
the  new b a tch .
Lack o f  e x t e r n a l  d a t a  s t o r a g e  a l s o  r e q u i r e d  t h a t  t h e  d a t a  
a r r a y s  were  f r e q u e n t l y  o v e r l a i d ,  w i t h  s i g n a l s  f rom  a s e c o n d  t r a y  
f i l l i n g  one end  o f  t h e  master  a r r a y  w hi le  r e s u l t s  from the  f i r s t  t r a y  
were s t i l l  be ing  computed and p r i n t e d  from th e  o t h e r  end o f  t h e  a r r a y .
4.  Program t e s t i n g  -  ca lc ium four  channe l  -  e a r l y  development
I n i t i a l l y  t h e  i n t e r f a c e  w i th  th e  2 - c h a n n e l /4 - c h a n n e l  sw i tch  
c o n t a in e d  c i r c u i t r y  t o  r e s t r i c t  th e  incoming d a t a  s i g n a l s  t o  a range  o f  
0 t o  2 ,5  v o l t s  s i n c e  t h e  normal o p e r a t i n g  mode o f  t h e  a n a l o g u e - d i g i t a l  
c o n v e r t e r  was from - 2 . 5  t o  +2.5 v b i p o l a r .
I n i t i a l  p rob lem s  with  mains s p ik e s  l e d  t o  a change o f  s p e c i ­
f i c a t i o n s  in  components in  t h e  sampler  c i r c u i t r y  which responded  t o  th e  
+5 V  p u l s e  f rom  t h e  p ro c e s s o r  and i n i t i a t e d  t h e  1 min sampling c y c l e .  
The i n c e p t i o n  o f  t h e  c y c l e  was p r e c i s e l y  t i m e d  i n  t h i s  way,  a l t h o u g h
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t h e  d i f f e r e n t i a t i o n  b e t w e e n  t h e  sam ple  and wash p e r i o d s  w i t h i n  t h e  
o v e r a l l  t im ing  used t h e  i n d e p e n d e n t  m a i n s - v o l t a g e  t i m e r s  w i t h i n  t h e  
s a m p l e r .  F l u c t u a t i o n s  when t h e s e  t r i g g e r e d  caused  some under-powered 
com ponents  o f  t h e  c o m p u t e r - a s s o c i a t e d  c i r c u i t r y  t o  m a l f u n c t i o n .  A 
s i m i l a r  p r o b l e m  c a u s e d  l a r g e ,  t r a n s i e n t  v o l t a g e s  on t h e  two w i re s  
l e a d i n g  f rom  t h e  s a m p l e r  c a r r y i n g  ' e n d  o f  t r a y '  and ' s t a r t  t r a y '  
s i g n a l s .  The p r o g r a m  was t h e r e f o r e  modif ied  to  sample on ly  t h e  90th  
re a d in g  from t h e  ' e n d  o f  t r a y '  d a t a ,  s i n c e  the  s p i k e s  a t t r i b u t a b l e  t o  
t h e  s a m p l e r  t i m e r s  o c c u r r e d  a r o u n d  t h e  6 0 th  and 84 th  r e a d i n g s .  The 
s t a r t  o f  t r a y  s i g n a l  was a r t i f i c i a l l y  p r o l o n g e d ,  and t h e  s o f t w a r e  
m o d i f i e d  (a) t o  look  fo r  a non-ze ro  s i g n a l  o n ly  a f t e r  an ' end  o f  t r a y '  
v o l t a g e  had been d e t e c t e d ,  and (b) t o  r e j e c t  a t r a n s i e n t  s p i k e  and a c t  
o n ly  on a s e r i e s  o f  s u s t a i n e d  h ig h  v a l u e s .
P a r a l l e l  runn ing  was i n i t i a l l y  e n c o u r a g i n g ,  w i t h  a p p a r e n t l y  
s a t i s f a c t o r y  r e s u l t s  f o r  ca l c iu m ,  phospha te ,  and a lbumin ,  bu t  a problem 
w i th  t o t a l  p r o t e i n  was a p p a r e n t .  Th is  seemed t o  be  r e l a t e d  t o  c a l i ­
b r a t i o n ,  s i n c e  t h e  r e p l i c a t e  s t a n d a r d s  a t  cup p o s i t i o n s  1 and 2 were 
s a t i s f a c t o r y ,  b u t  t h e r e a f t e r  t h e  r e s u l t s  seemed t o  r u n  w i t h  a mean 
v a l u e  o f  a r o u n d  80 g / 1  com pared  with  an expec ted  h o s p i t a l  p o p u la t io n  
mean o f  <70 g / 1 .  S ince  th e  program looked a t  a window o f  a b o u t  30% o f  
th e  d a t a  p o i n t s  i n  t h e  b u f f e r ,  i t  was a n t i c i p a t e d  t h a t  th e  window might  
be t a k i n g  i n  t h e  t r o u g h  b e t w e e n  two p e a k s ,  r a t h e r  t h a n  t h e  peak  
maximum, and so  t h e  t o t a l  p r o t e i n  d a t a  was i s o l a t e d  and a s e p a r a t e  s e t  
o f  c r i t e r i a  used t o  a l t e r  t h e  p o s i t i o n  and l e n g th  o f  th e  window w i t h i n  
th e  n i n e t y  r e a d i n g s  t o  t r y  t o  de te rm ine  th e  cause  o f  t h e  problem. That  
some form o f  window i s  n e c e s s a r y  i s  s e l f - e v i d e n t ,  e s p e c i a l l y  w here  
e x t e n s i v e  peak  v a l i d a t i o n  i s  n o t  p e r f o r m e d .  S i n c e  t h e  p r o c e s s o r
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a c c e p t s  th e  maximum v o l t a g e  w i th i n  the  window, an ex tended  o r  m isp laced  
window may i n c o r p o r a t e  p a r t  o f  th e  f a l l  curve  o f  t h e  p r e v i o u s  p e a k ,  o r  
o f  t h e  r i s e  cu rve  o f  th e  nex t  peak in  s u c c e s s io n ,  and th u s  g iv e  a f a l s e  
r e a d i n g .  The use o f  such windows has been p r e v io u s l y  r e p o r t e d  (Whitby  
and Simpson,  1969; Gray and Owen, 1969).
F u r t h e r  d e t a i l e d  a n a l y s i s  o f  r e s u l t s  from a l l  four  ch an n e ls
r e v e a l e d  a number o f  c o n s i s t e n t  e r r o r s ,  h o w e v e r .  W h i le  t h e  c a l c i u m
c h a n n e l  r e s u l t s  w e re  s a t i s f a c t o r y ,  t h e  p h o s p h a t e  g roup  showed d i s ­
t i n c t l y  p o o r e r  c o r r e l a t i o n  b e tw e e n  manual  and  c o m p u te r  p r o d u c e d  
r e a d i n g s ,  and t h e  albumin r e s u l t s  c o n s i s t e n t l y  dropped by around 4 g /1  
on t h e  f i n a l  t h r e e  samples o f  any t r a y .  They a l s o  d i d  n o t  c o r r e l a t e  
w i th  manual  r e a d i n g s  as  w e l l  as  expec ted  from the  ca lc iu m  d a t a .
5 .  T ro u b le sh o o t in g
M ains  v o l t a g e  f l u c t u a t i o n s  were  s u s p e c t e d ,  and a s h o r t
program was w r i t t e n  which c o n s t a n t l y  mon i to red  and p r i n t e d  t h e  v o l t a g e
from any g iv e n  ch an n e l  a t  h a l f - s e c o n d  i n t e r v a l s .
By c o i n c i d e n c e ,  t h i s  program was p r i n t i n g  con t inuous  b a s e l i n e  r e s u l t s  
f o r  t h e  t o t a l  p r o t e i n  c h a n n e l  w h i l e  t h e  tw in  c h a n n e l  c a l c i u m  and 
p h o s p h a t e  a n a l y s e r  was b e i n g  used  i n d e p e n d e n t l y ,  b u t  w h i l e  t h e  
s e l e c t o r  s w i tch  was s e t  to  moni tor  a l l  four  ch an n e ls .
F i f t e e n  m i n u t e s  o f  c o n t i n u o u s  m o n i t o r i n g  had  shown no 
f l u c t u a t i o n s  when t h e  p r o t e i n  s i g n a l  began to  change showing s u s t a i n e d  
r i s e s  and f a l l s  w i th  a one minute p e r i o d i c i t y .  I t  became o b v i o u s  t h a t  
t h e s e  c o i n c i d e d  w i th  th e  peaks  and troughs  o f  the  ca lc iu m  and phosphate  
d a t a  be ing  run on th e  i n d e p e n d e n t  tw in  c h a n n e l  and t h e  r e l a t i o n s h i p
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b e t w e e n  t h e  d a t a  s i g n a l s  was r e - e v a l u a t e d .  Each c h an n e l  was i s o l a t e d  
and c o n t i n u o u s l y  m o n i t o r e d  w h i l e  t h e  s i g n a l s  f rom  t h e  o t h e r s  w ere  
a l t e r e d .
The f o l l o w i n g  r e l a t i o n s h i p s  were no ted  -  t h e  ca lc ium  s i g n a l  
was u n a f f e c t e d  by any o t h e r  channe l ;  th e  phosphorus  s i g n a l  by c a l c i u m  
a l o n e ;  t h e  t o t a l  p r o t e i n  s i g n a l  by phosphorus a l o n e ,  and th e  albumin 
s i g n a l  by t o t a l  p r o t e i n .  These were in  acc o rdance  w i t h  t h e  f u l l  t e s t  
r e s u l t s .  Calcium i n t e r f e r e n c e  could  e x p l a in  sm a l l  d i s c r e p a n c i e s  in  th e  
ph o s p h a te  r e s u l t s .  The w ide ly  f l u c t u a t i n g  phospha te  r e s u l t s  would  o n l y  
beg in  t o  a f f e c t  t h e  p r o t e i n  s i g n a l  a t  about  th e  t h i r d  r e s u l t ,  s i n c e  t h e  
t ime l a g  between s a m p l e r  and  p h o t o - d e t e c t o r s  d i f f e r e d  by a b o u t  two 
m i n u te s ,  w i th  p r o t e i n  being t h e  f a s t e r .  S ince  albumin had the  l o n g e s t  
t ime l a g  o f  t h e  f o u r ,  t h e  p r o t e i n  i n t e r f e r e n c e  p r e s e n t  fo r  t h e  b u l k  o f  
t h e  t r a y  wou ld  h a v e  t e r m in a t e d  around t h r e e  samples from t h e  end ,  and 
so t h e  albumin s i g n a l  would d e c r e a s e ,  as  ob se rv ed .
I n t e r f e r e n c e  was t r a c e d  t o  the  t ime c o n s t a n t  o f  t h e  e x t e r n a l  
c i r c u i t r y  used t o  a t t e n u a t e  t h e  d a t a  s i g n a l s  t o  a maximum o f  2.5  v.  The 
m u l t i p l e x e r  w i t h i n  t h e  A n a l o g u e / d i g i t a l  c o n v e r t e r  was sampling t h e  
c h a n n e l s  i n  t h e  o rd e r  Calcium, Phosphate ,  T o t a l  P r o t e i n ,  A lb u m in ,  End 
o f  T r a y ,  S t a r t  o f  T r a y ,  and was n o t  r e a c h i n g  zero  between c h a n n e l s .  
Th is  g e n e r a t e d  a ty p e  o f  e l e c t r o n i c  c a r ry o v e r  b e tw ee n  c h a n n e l s  on a l l  
n i n e t y  r e a d i n g s  i n  t h e  d a t a  b u f f e r .  A l l  incoming d a t a  ch a n n e l s  were 
moved t o  d i f f e r e n t  b u t  s t i l l  c o n s e c u t i v e  l i n e s  on t h e  1 6 - c h a n n e l  
m u l t i p l e x e r ,  b u t  when no improvement was found a m o d i f i c a t i o n  was made 
to  t h e  A/D c o n v e r t e r  t o  use a u n ip o la r  0-5 v s i g n a l  and the  a t t e n u a t i n g  
c i r c u i t r y  was sc r a p p e d .  R e s u l t s  s i n c e  t h a t  t ime have been s a t i s f a c t o r y  
(see  S e c t i o n  2 . 5 . 2 . 2 )  .
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Only  on e  f u r t h e r  p r o b le m  o f  n o t e  has  s i n c e  o c c u r r e d  on the  
ca l c iu m  a n a l y s e r .  A p r e v e n t a t i v e  maintenance in v o l v in g  th e  r ep lacem en t  
o f  t h e  c o n n e c t i o n  t u b i n g  on t h e  c a l c i u m / p h o s p h a t e  t w i n  c h a n n e l  
in c r e a s e d  th e  t ime d e l a y  on t h e  phosphate  channe l  t o  t h e  e x t e n t  t h a t  no 
pr im ing  peak was d e t e c t e d  b e fo re  the  f ix e d  t ime a l low ed  f o r  t h e  channe l  
c o u n t e r  t o  re a c h  maximum had e l a p s e d .  The l o g i c  t h e n  c o n c l u d e d  t h a t  
t h e  r e s u l t s  f rom t h e s e  two c h a n n e l s  s h o u l d  be s e t  t o  z e r o ,  and no 
r e s u l t s  were p r i n t e d .  Th i s  minor embarrassment was q u i c k l y  d i a g n o s e d  
and r e c t i f i e d  by e x t e n d i n g  t h e  t i m e  a l l o w e d  f o r  r e c o g n i t i o n  o f  t h e  
pr im ing  peaks  b e f o r e  t h e  d e c i s i o n  to  supp res s  t h e  c a l c iu m  and phospha te  
r e s u l t s .
On t h e  e l e c t r o l y t e  a n a l y s e r ,  a problem a r o s e  w i th  th e  f lame 
u n i t ,  i n  t h a t  t h e  r e - a n a l o g u i n g  c i r c u i t s ,  w hich  h a d  o p e r a t e d  s a t i s ­
f a c t o r i l y  f o r  abou t  e i g h t e e n  months,  gave prob lems when t h e  f lame u n i t  
i t s e l f  began to  pe r fo rm  l e s s  w e l l .  The s o l u t i o n  e v e n t u a l l y  a r r i v e d  a t  
was t o  t a k e  t h e  a n a l o g u e  s i g n a l  f rom a l l  t h r e e  d e t e c t o r s ,  sodium, 
p o ta s s iu m ,  and l i t h i u m ,  t o  t h e  m u l t i p l e x e r  and c a l c u l a t e  t h e  r a t i o s  
w i t h i n  t h e  program. Th is  invo lved  th e  l o s s  o f  one h a l f  day o f  a n a l y s e r  
o p e r a t i o n ,  v i n d i c a t i n g ,  a t  l e a s t  in  p a r t ,  t h e  d e c i s i o n  t o  u s e  a h i g h  
l e v e l  l a n g u a g e  t o  s i m p l i f y  f a u l t - f i n d i n g  and r e - p r o g r a m m i n g  where 
n e c e s s a r y .
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APPENDIX I I I  
ENZYME REACTION RATE CALCULATION 
LIST OF SIMULATED CURVE-FITS
Line F i t  S im u la t i o n  1
DESCRIPTION:
LINE-SEEKING!
SOURCE:
INPUT
ALGORITHM:
VALIDATION;
3-segment  check w i th  a b s o l u t e  l i m i t  
No
Commercial
30 D a ta  p o i n t s  (x = t im e ,  y = absorbance)  e q u a l l y  
spaced  over the time co u r s e  o f  th e  r e a c t i o n .  
C a l c u l a t e  r e a c t i o n  r a t e  by 
A c t i v i t y  = Ao -  A29 x F 
DT
A  A,
A  A,
Time
Where Ao -  Absorbance a t  time zero
A29 = Absorbance a t  t ime 29
DT = T o ta l  measuring t ime (min)
F = Conversion f a c t o r  from AA/min to  U/1
Div ide l i n e  i n t o  th r e e  e q u a l  segments and c a l c u l a t e
AA/min fo r  each segment.
Line i s  v a l i d  where bo th  
A A i -A A 2  < 0.0032 
and
157
- A A3 < 0 . 0 0 3 2
COMMENT: Accepts  u n s a t i s f a c t o r y  l i n e s  a t  low a c t i v i t i e s .
15 8 ,
L i n e  F i t  S i m u l a t i o n  2
DESCRIPTION: 
LINE SEEKING! 
SOURCE :
INPUT:
ALGORITHM:
S l i d i n g  l e a s t - s q u a r e s  l i n e a r  r e g r e s s i o n  a n a l y s i s .  
Yes
S t a t i s t i c a l  theory
30 d a t a  p o i n t s  (x = t im e ,  y = a b s o r b a n c e )  e q u a l l y  
spaced  over the  time cou rse  o f  the  r e a c t i o n .
L i n e a r  r e g r e s s i o n  a n a l y s i s  w i t h  c a l c u l a t i o n  o f  
s t a n d a r d  e r r o r  of  g r a d i e n t  from the  formula
Sm = 1 -  r
n - 2
OPERATION :
(Ref -  Sokal  & Rohlf ,  Biometry,  P 420 e t  seq)
Where Sm = Standard  e r r o r  o f  g r a d i e n t
CTy = Standard  d e v i a t i o n  o f  absorbance  d a t a  
(Tx = Standard  D ev ia t io n  o f  time d a t a  
r  = c o r r e l a t i o n  c o e f f i c i e n t  
n = number of  p o i n t s  
The p r o g r a m  c a l c u l a t e s  t h e  l i n e a r  r e g r e s s i o n  
s t a t i s t i c s  f o r  a minimum o f  o n e - t h i r d  o f  the  p o i n t s  
on t h e  l i n e .  I f  Sm = O the  l i n e  i s  a c c e p t a b l e  and 
t h e  c a l c u l a t i o n  p a s s e s  t o  the  n e x t  a n a l y s i s .
1 59 ,
VALIDATION:
COMMENT;
I f  Sm /  0 the  nex t  p o i n t  i s  a cc ep ted  and the  f i r s t  
d i s c a r d e d .  The l e s s e r  o f  the  two s t a n d a r d  e r r o r s  
i s  s t o r e d ,  w i th  g r a d i e n t ,  and so on u n t i l  e i t h e r  a 
1 0 -p o in t  s e c t i o n  g iv e s  an Sm o f  ze ro ,  or  a l l  p o i n t s  
have been a s s e s s e d .
The p ro g ra m  t h e n  p r i n t s  enzyme a c t i v i t y  from l i n e  
w i th  minimum Standard  E r r o r .
P r i n t  minimum Sm comment on a c c e p t a b i l i t y  o f  t h i s  
d eg ree  o f  e r r o r .
S a t i s f a c t o r y  l i n e - s e e k i n g  r o u t i n e .
1 6 0 ,
L i n e - F i t  S i m u l a t i o n  3
DESCRIPTION: 
LINE SEEKING! 
SOURCE:
INPUT :
ALGORITHM:
S e q u e n t i a l  g r a d i e n t  compar isons  
Yes
Commercial
V a r i a b l e  number o f  t ime p o i n t s  a t  s p e c i f i c  a b s o r ­
bance l e v e l s
i e  Times co r respond ing  to  a bso rbances  from zero  to  
0.04A i n  s t e p s  o f  0.002A, p lu s
t i m e s  c o r r e s p o n d i n g  t o  a b s o r b a n c e s  f rom 0 .04A 
upwards in  s t e p s  o f  0.008A,
Ri = A A i / A t i  Rm = (R1 + R2 + R3) /3
cu
E
Absorbance
OPERATION: 1) C a l c u l a t e  r e a c t i o n  r a t e  (AA/min) f o r  e a c h  o f  t h e
f i r s t  t h r e e  p a i r s  of  p o i n t s  (R-|, R^)
2) C a l c u l a t e  the  average  Reac t ion  Rate a c r o s s  the  time
p e r i o d  (R^)
C a l c u l a t e  the  d e v i a t i o n  of  each R{ from the  average
and e x p r e s s  t h e  sum o f  t h e s e  a s  a p e r c e n t a g e  o f
Stop  c a l c u l a t i o n
1 6 1 ,
VALIDATION: 
COMMENT :
5 ) I f  D /  0,  d e l e t e  f i r s t  p o i n t ,  a c c e p t  n e x t  p o i n t ,
r e p e a t  c a l c u l a t i o n  u n t i l  e i t h e r  D = 0 ,  o r  D ata
ends ,
6) P r i n t  Rj  ^ fo r  minimum D.
P r i n t  minimum pe rc e n ta g e  d e v i a t i o n  w i th  a c t i v i t y
Gave bad  r e s u l t s  w i t h  i n i t i a l ,  s h o r t - l i v e d  h igh  
a c t i v i t y  r e s p o n s e s .
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L i n e  F i t  S i m u l a t i o n  4
DESCRIPTION: 
LINE-SEEKING: 
SOURCE:
INPUT ; 
ALGORITHM:
VALIDATION:
COMMENT :
12 segment check in  p a i r s  
No
Commercial
Twelve mean absorbance  v a lu es . (A ^  t o  A^^)
S ix  A as a r e  c a l c u l a t e d ,  o f  t h e  fo rm A-) e t c ,
each  r e p r e s e n t i n g  t h e  a b s o r b a n c e  c h a n g e  o v e r  one 
h a l f  o f  t h e  l i n e .  The mean A a i s  c a l c u l a t e d  from 
the  s i x  v a l u e s .
I f  a l l  s i x  AAs a r e  n o t  w i t h i n  _+ 12.5% of  the  mean 
o f  the  s i x  then  the  r e s u l t  i s  f l a g g e d .
No l i n e - s e e k i n g ,  o th e rw is e  s a t i s f a c t o r y .
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L i n e  F i t  S i m u l a t i o n  5
DESCRIPTION: 
LINE SEEKING: 
SOURCE:
INPUT:
OPERATION:
VALIDATION:
COMMENT:
3 segment check wi th  pe rc e n ta g e  l i m i t  
No
Commercial
22 D a ta  p o i n t s ,  one s e c o n d  a p a r t ,  in the  assumed 
l i n e a r  p o r t i o n  of  the  cu rve .
S p l i t  l i n e  i n t o  3 s e c t i o n s  o f  7 seconds  each 
C a l c u l a t e  mean absorbance  in  each s e c t i o n  ( p i ,  p 2 ,  
P3)
C a l c u l a t e  4A/min from p i  -  p3 x 60
14
s i n c e  p i  and p3 a re  14 seconds a p a r t
!_____
Time
Area  o f  t r i a n g l e s  w i th i n  10% o f  one ano the r  u n l e s s  
a c t i v i t y  < 5 U/1.
S u b s t r a t e  d e p l e t i o n :  i n i t i a l  absorbance  o u t s i d e
l i m i t s .
No l i n e - s e e k i n g .  R equ i res  c a r e f u l  c a l c u l a t i o n  of 
To.
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L i n e  P i t  S i m u l a t i o n  6
DESCRIPTION: 
LINE SEEKING: 
SOURCE:
INPUT:
ALGORITHM:
VALIDATION:
COMMENT :
S e q u e n t i a l  Area comparisons 
Yes
Commercial
S e q u e n t i a l  a r e a s ,  beg inn ing  w i th  a 5 - sec  t imebase  
and doub l ing  the  t ime i n t e r v a l  fo r  each s u c c e s s i v e  
a r e a  t o  a t o t a l  measuring t ime o f  155 s e c .  
C a l c u l a t e  r e s u l t  f rom t h e  l a r g e r  a r e a  w h ich  
s a t i s f i e s  the  l i n e a r i t y  c r i t e r i a .
F lag r e s u l t  i f  no l a r g e  a r e a  c an  be fo u n d  w i t h i n  
t h e  r a n g e  4 x ( p r e v i o u s  s m a l l e r  a rea )  +X% where X 
i s  an o p e r a t o r  d e f in e d  l i n e a r i t y  t o l e r a n c e .  
I n i t i a l ,  s h o r t  l i v e d  l i n e a r  r e s p o n s e  c an  g ive  a 
v a l i d  l i n e  over no more than 15 sec measuring t ime.
15
Time
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L i n e - F i t  S i m u l a t i o n  7
DESCRIPTION; 
LINE SEEKING: 
SOURCE;
INPUT :
ALGORITHM:
VALIDATION:
COMMENT :
S l i d i n g  Data Se ts  
Yes
Commercial
Seven  e q u a l l y  s p a c e d  d a t a  r e a d i n g s ,  grouped i n t o  
t h r e e  s e t s  as  Aq—A^, A^—Ag, A2 ~Ag.
C a l c u l a t e  the  average  AA/min o v e r  t h e  f i v e  p o i n t s  
i n  any  g r o u p  w h ich  s a t i s f i e s  t h e  l i n e a r i t y  
c r i t e r  i a .
The a b s o l u t e  va lue  of  the  s lo p e  o f  the  l i n e  o f  the  
t h r e e  second orde r  d i f f e r e n c e s  from the  fourAAs/min 
s h a l l  be l e s s  than an e m p i r i c a l  " s lo p e  l i m i t " .
Th is  a l g o r i t h m  has n o t  been  e x h a u s t i v e l y  t e s t e d ,  
b u t  w i l l  c l e a r l y  f a i l  i f  t h e r e  i s  a s p u r io u s  va lue  
a t  A3  or  A4 ,
Time
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SIMULATION AND DATA
A t o t a l  o f  s e v e n  a l g o r i t h m s  were s im u la te d  and i t  was noted 
t h a t  t h e y  cou ld  be s u b - d iv id e d  i n t o  two main c l a s s e s  -  those  w h ich  d i d  
and d i d  n o t  a t t e m p t  some form of  l i n e  f i t t i n g .
When the  fo rmulae  were a p p l i e d  to  one hundred s e t s  o f  p o i n t s  
r e p r e s e n t i n g  r e a l  d a t a  f rom  r e a c t i o n  r a t e  a n a l y s e r s  a l l  b u t  two to  
t h r e e  a r e  s a t i s f a c t o r i l y  c a l c u l a t e d  by any s i n g l e  m e th o d .  E v a l u a t i o n  
was c o n t in u e d  us ing  d a t a  s p e c i f i c a l l y  c o n f ig u re d  to  r e p r e s e n t  d i f f e r e n t  
t y p e s  o f  e r r o r  o c c a s i o n a l l y  e n c o u n t e r e d  i n  enzyme a n a l y s i s ,  and 
s t a n d a r d i s e d  to  the  same s lo p e .
D a ta  i n  t h i s  g r o u p  was t h e n  randomly p e r t u r b e d  to  s im u la te  
bo th  minor im p r e c i s io n  and s i n g l e  g ro s s  e r r o r s .
R e s u l t s  f o r  each a l g o r i t h m  a re  g iven  w i th  t h e i r  d e s c r i p t i o n s .
SUMMARY OP RESULTS
The o n l y  l i n e - s e e k i n g  a l g o r i t h m  to  c o n s i s t e n t l y  r e t u r n  the 
e x p e c te d  v a lu e  o f  the  s t r a i g h t - l i n e  p o r t i o n  o f  the  curve  was the  l i n e a r  
r e g r e s s i o n  c a l c u l a t i o n ,  based on a minimum of  o n e - t h i r d  o f  the  l i n e  (a t  
l e a s t  5 p o i n t s ) .
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CONCLUSIONS
■ S a t i s f a c t o r y  a l g o r i t h m s  should ;
1 ) a c t i v e l y  seek  th e  l i n e a r  p o r t i o n  o f  th e  cu rve
2 ) r e p o r t  d e v i a t i o n s  from the s t r a i g h t  l i n e  in  AA/min or u / 1
3) r e q u i r e  l i n e a r i t y  over a t  l e a s t  1/3 o f  the  c u rv e .
4) be a d a p t a b l e  to  r e a l - t i m e  a p p l i c a t i o n s .
5) i n t e g r a t e  t h e  in c o m in g  s i g n a l  w here  p o s s i b l e  t o  a v o i d
s p u r io u s  p o i n t s .
S a t i s f a c t o r y  a l g o r i t h m s  should  no t :
1) assume l i n e a r i t y
2 ) r e p o r t  d e v i a t i o n s  as  p e rc e n ta g e s
3) c o n s i d e r  l e s s  t h a n  1 /3  o f  t h e  l i n e ,  o r  more t h a n  1 /2  i n  a 
s i n g l e  segment.
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